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Abstract

This study aims to explore the possibility of the existence of dyslipidemia among prediabetics in India and to
find the correlation if any, present between their glycated hemoglobin (HbA1c) levels and their lipid profile, and to
identify the risk factor(s) if any, for the onset of diabetes. A cross-sectional study involving 212 individuals in
Bangalore of Karnataka State, India from the period of August 2017 to February 2019 was considered for the
study. Within the lipid profile, High-Density Lipoprotein (HDL) and the ratio of cholesterol to HDL displayed
statistically significant differences between the means of the population of healthy nondiabetics and prediabetics.
In prediabetics, HbA1c was negatively correlated with HDL. so, testing of HDL and cholesterol to HDL ratio at
regular intervals for prediabetics should be made mandatory, as they fall in the risk category for developing type 2
Diabetes and this regular screening of HDL and Cholesterol to HDL ratio will prevent prediabetics from
progressing into typez diabetes later on. Regarding demographic factors, abdominal obesity was found to be
statistically significantly associated with prediabetes. Hence prediabetics should follow a regular exercise regime
to prevent themselves from progressing into diabetes in their later years.
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Introduction

Diabetes Mellitus characterized by hyperglycemia
constitutes a ‘group of chronic, hereditary, metabolic
disorders affecting millions of people worldwide each
year [1,2]. Hyperglycemia can be determined by the
glycated hemoglobin (HbA1c) value which indicates the
blood glucose level over the past three months [1,3].

As per WHO, individuals with HbA1c value < 5.6 are
considered as non-diabetics, and individuals with
HbAA1c in the range 5.7 - 6.4 are in the category of pre-
diabetes and individuals with HbA1C = 6.5 are

considered to be diabetics. One of the most common
complications of diabetes is the presence of abnormal
levels of lipids in the body, also called dyslipidemia [1].
While the pattern of dyslipidemia and its correlation
with HbA1c or Fasting Blood Glucose (FBG) is studied
extensively in diabetic patients [4-9], only a few
studies have been attempted so far among prediabetic
individuals on their lipid profile pattern and its
possible correlation with FBG or HbA1c. Studies were
conducted among prediabetics in North India [10,11],
in Andaman and Nicobar Islands [12], among Spanish

population [13], in Saudi Arabia [14], in Korea[15] and
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China[16]. Not only these study reports differed from
each other, but also the fact that no studies have been
conducted so far in South India to find the existence
and pattern of dyslipidemia among prediabetic
individuals so that early detection and timely action
will reduce the economic burden on the country due to
the prevention of progression of prediabetes into Type
2 Diabetes Mellitus [17,18]. It is a well-known fact that
the HbA1c level as a predicting factor differs among
races and ethnicity as the rate of glycation and RBC life
span differs among racial and ethnic groups [19,20]. It
is also proved that there is an influence of genetic
factors on HbA1c levels [21].

So, not only this study is important due to the
enormity of human population that has been affected
with diabetes but also this study takes priority
primarily due to the fact that it aims to evaluate HbA1c
and its correlation with lipid profile among Indian
prediabetics as India is the diabetic capital of the world
[22] and the study population is chosen from
Karnataka State as this state has reported 3rd highest
death rate due to Diabetes in the year 2017 among all
the states of India [23,24]. Our study aims to evaluate
the lipid profile pattern and demographic data of
prediabetics in Bangalore and to identify correlations
between their HbAic levels and lipid profile along with
demographic data.

Materials and Methods

This is a cross-sectional study conducted at the
Shree Krishna Sevashrama Hospital, Bangalore,
Karnataka, India from April 2017 to January 2019. A
total of 212 individuals were included in this study and
matched for age and gender. After obtaining the
Institutional ethical committee approval, informed
consent was taken from all the individuals who

participated in this study.

The subjects were divided into two groups for the
study. The exclusion criteria for all the two groups
comprised of pregnant and
Individuals

medication were excluded from this study. Group 1

lactating women.

with any medical problem or on

(controls) and Group 2 (prediabetics) comprised of
individuals who had availed ‘Master Health Checkup’

plan & ‘woman wellness plan ‘offered by the hospital.

The inclusion criteria constituted of individuals with
HbAic of 6.4 and below. Group 1 comprised of
‘controls or Healthy Non-diabetics’ with HbA1ic equal
to or below 5.6. Individuals with HbA1c in the range of
5.7 to 6.4 were grouped as prediabetics, formed Group
2 as per the WHO criterion. Two hundred twelve
healthy individuals in the age ranging from 21 to 60
years of either sex were selected as Group 1 - controls,
while 106 individuals who had HbA1c in the range of
5.7 to 6.4 were aged between 32 and 60 years and
therefore considered as Group 2 - prediabetics (Fig-1).

212
Individuals
HbA1C HDA1C
<56 =57 -6.4
Group Group
1 2
Healthy Prediabetics
Non

Diabetics

N = 106 N =106

Fig-1: Flow chart for the selection of the study groups.

Demographic Studies:

The age and gender of the individuals were obtained
from the hospital records. Height was measured using
a wall-mounted stadiometer. Weight was measured
using an electronic digital scale. BMI was calculated as
weight (kg) per height squared (m?). BMI was
segregated into standard four categories as follows:
Below Normal (<19kg/m? Normal (19-24.9kg/m?),
Overweight/Above Normal (25-30kg/m?) and Obese
(>20kg/m?). The waist: hip circumference was
considered the measure for abdominal obesity and was

categorized by its presence (yes) or its absence as (no).

Sample collection and Analysis:

Blood samples were obtained for biochemical tests.
Sample collection involved 2 ml venous fasting blood
samples into labeled EDTA tubes and used for the
analysis of HbA1c and 2 ml. fasting whole blood sample
and was allowed to clot. Serum was separated and
used for the analysis of the lipid profile (total
cholesterol (TC), (TG), high-density

lipoprotein (HDL), low-density lipoprotein (LDL),

triglycerides

very-low-density lipoprotein (VLDL), the ratio of
cholesterol to HDL, the ratio of LDL to HDL). All

the above analysts were analyzed by using Olympus AV
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auto-analyzer (using DiaSys reagents) manufactured
by DiaSys Diagnostic system GmbH, Holzheim,
Germany. HbAic was estimated by the particle
enhanced immune turbidimetric method. The lipid
components such as total cholesterol was estimated by
(CHOD-POD)
enzymatic photometric method, while HDL was

cholesterol oxidase-peroxidase
determined by wusing antihuman f lipoprotein
antibodies which liberated only HDL-cholesterol which
in turn was analyzed by the enzymatic (CHE, CHO,
POD) method. LDL was

homogeneous whole direct measurement using the

determined by the

color-producing enzymatic reaction as the only LDL is
selectively protected and then released. TG was
calculated using glycerol 3-phosphate oxidase (GPO)
enzymatic method, whereas the VLDL was estimated
by performing an indirect calculation from TG value
using the Friedwald formula. The desirable range for
TC, TG, LDL, VLDL, TC:HDL and LDL:HDL is less than
200 mg/dl, 150 mg/dl, 130 mg/dl, 40 mg/dl, 4:1 and
3.5:1 respectively. The desirable range of HDL was the
presence of more than 40 mg/dl.

Results were expressed as mean = S.D. A one-way
ANOVA was conducted to compare the means of the
populations, while Chi-square (x*) tests were
conducted to evaluate the significance of the

study parameters. The correlation was estimated using

Pearson’s coefficient of correlation (r) between the
study variables. The results of all tests with p<o.05
were considered to be statistically significant. All the
statistical analysis was performed using the SPSS
statistical package version 24.

Results

(Table-1) illustrates the descriptive statistics and the
results of ANOVA for HbA1c and the lipid profiles of
healthy nondiabetics and prediabetics. An increase in
all the components except HDL is seen in prediabetics
compared to those of healthy nondiabetics. Not only
this increase was not statistically significant, but also
these increased levels were still within the desirable
range. Only in the case of HDL, there was a statistically
significant difference between these two groups. The
average levels of HDL and the ratio between TC and
HDL showed only healthy nondiabetics to be in the
desirable range. In prediabetic individuals, the level of
HDL was significantly lower than the desirable range,
and TC: HDL ratio was significantly higher than the
desirable range.

Correlation (denoted as ‘r’) is used to measure the
strength of association between two variables and
ranges between -1 (perfect negative correlation) to 1
(perfect positive correlation). It is interpreted on the

absolute value of the correlation, considering any value

Table-1: Descriptive statistics and ANOVA for the study variables
Population (Mean + Std. Deviation)
Parameter F value & Significance
Healthy Nondiabetics Prediabetics
HbAIC 5.0 + 0.34 6.1+ 0.23 148.8*
TC 163.27 + 17.15 168.47 + 20.97 86.3
TG 110.43 +16.82 119.01 + 42.28 30.1
HDL 48.41 + 3.11 38.53 + 2.90 120.6 *
LDL 103..61 + 16.80 105.25 + 24.33 32.7
VLDL 22.93 + 3.34 24..12 + 8.54 20.8
TC: HDL 3.39 £ 0.16:1 4.3 £ 0.49:1 154.2 *
LDL: HDL 2.14 +0.38 11 2.69 £ 0.72 1 23.6
*Statistically significant (Significance at level p<0.05)
**Highly significant (Significance at level p<0.01)
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equal to or more than 0.5 as strong, 0.3 to 0.5 as
moderate, 0.1 to 0.3 as low, and less than 0.1 as a
negligible relationship. (Table-2) and (Table-3)
represent any correlation between the study variables
identified to study the relation between HbA1c and the

lipid profile within healthy non-diabetics &
prediabetics. In the case of prediabetics, there was a
strong significant negative correlation of HbAic with
HDL (r = -0.62, p<0.05).

Table-2: Correlation table between lipid profile and HbA1c of healthy nondiabetics

Parameter HBAi1c TC TG HDL LDL VLDL TC:HDL
HBA1c 1
TC -0.13 1
TG 0.26 0.13 1
HDL -0.18 0.86 0.21 1
LDL 0.14 062" 0.65“ 0.3 1
VLDL 0.23 0.12 0.98** 0.15 0.58** 1
Ch: HDL 0.07 0.71** 0.2 0.56 - 0.48 - 0.11 1
LDL: HDL 0.22 0.25 0.79** 0.15 0.94** 0.62" 0.33*
*p<0.05, ¥**p<0.01
Table-3: Correlation table between lipid profile and HbA1c of Prediabetics
Parameter HBAi1c TC TG HDL LDL VLDL TC:HDL
HBA1c 1
TC -0.36 1
TG 0.11 -0.38 1
HDL -0.62" 0.33 -0.5 1
LDL -0.4 0.29 -0.57 0.35 1
VLDL -0.1 -0.37 0.83** -0.56 0.08 1
TC: HDL 0.24 0.79** -0.09 -0.35 -0.04 -0.21 1
LDL: HDL -0.15 0.21 0.11 0.15 0.96** 0.16 0.05

*p<0.05, ¥**p<0.01

(Table-4) displays the data of demographic studies
of healthy nondiabetics and prediabetics. Age showed a
statistically significant association with prediabetes.
(Pearson‘s Chi-square (x?) = 5248, p<o0.01). The
majority of prediabetic individuals (58%) were from
the age group 46-60years while the majority of healthy
non diabetics (51%) were from the age group 32-45
years in this study. Similarly, the association between
gender and prediabetes was statistically significant,
x?=22.52, p< 0.05. Males were more susceptible to
prediabetes (66%) than females (34%). Regarding
BM]I, the association between BMI and prediabetes was
statistically not significant. X*>= 6.33, p > 0.05. None of

the individuals were in the ‘Below Normal’ category. In
fact, the majority of the prediabetic individuals were in
the ‘Normal’ category (96%). Only 4% of Prediabetics
and 1 % of healthy nondiabetics were in the ‘Above
Normal’

significant association with prediabetes, x*=29.82, p<

category. Abdominal obesity showed a

0.01. Among prediabetic individuals, 20% of them had
obesity while 1% of healthy

nondiabetic individuals had abdominal obesity.

abdominal only

Discussion

Assessment of lipid profile and demographic data in
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Table-4: Demographic data of healthy non diabetics and prediabetic individuals

Variables Group Healthy Nondiabetics Prediabetics )'q P Value
21-31 19 (18%) o (0%)
Age Group 32 - 45 54 (51%) 45 (42%) 52.48** o)
46 - 60 33 (31%) 61 (58%)
Males 52 (49%) 70 (66%)
Gender 22.52% 0.0182
Females 54 (51%) 36 (34%)
Below
0 (0%) 0 (0%)
Normal
BMI Normal 105 (99%) 101 (95%) 6.33 0.056
Above Normal 1 (1%) 5 (5%)
Obese o (0%) 0 (0%)
Abdominal Yes 1 (1%) 21 (20%)
. 29.82* o)
Obesity No 105 (99%) 85 (80%)

*Statistically significant (Significance at level p<0.05)

**Highly significant (Significance at level p<0.01)

our cross-sectional study of South Indian prediabetics
had noted statistically significant changes only in the
HDL component of lipid profile and the significant
presence of abdominal obesity. BMI did not show any
significant association with prediabetes. This finding
was not seen in the study of young Saudi prediabetics
which assessed their lipid profile, total antioxidant
status (TAS), demographic, and lifestyle data [14].
They had observed statistically significant changes in
all the components of the lipid profile and the presence
of significantly increased BMI in their study. There was
a positive correlation between HbA1c and TC, TG, LDL-
C, BMI, and central obesity while a negative correlation
was reported between HbA1c and HDL Cholesterol and
TAS [14]. Analysis of the data obtained by Korea
National Health and Nutrition examination survey
from the study of their prediabetics had shown
significantly higher levels of Total TC, TG, LDL, TC to
HDL-C ratio, TG to HDL-C ratio, LDL-C to HDL-C ratio,
and significantly increased urinary albumin excretion

in prediabetic women [15].

But in Our Study, only HDL component was
significantly altered and decreased. Albuminuria was
not present and there was no statistically significant
increase in BMI. In a study that investigated the

relationship between Insulin Resistance (IR) and

dyslipidemia along with BMI, WHR, Fasting C peptide
in prediabetics and type 2 diabetes mellitus patients in
China, found that the BMI, WHR and the TG
component of the lipid profile were significantly
altered and increased in prediabetic individuals [16].
But in our study, BMI was not significantly altered
among prediabetics. Though the findings similar to
that of our study report was observed in an
investigation among Spanish prediabetics, it had also
reported hypertension and a significant increase in TG
[13] which was not noted in our study. Although
lowered HDL and increased TG had shown a strong
association with abdominal obesity in women and with
general obesity in men, it was based on the waist to
height ratio (WHtR) criterion [13], whereas in our
study it was based on waist to hip circumference ratio.
Another

assessments in prediabetes and diabetes, fasting lipid

study evaluating cardiovascular risk
profile showed a significant increase only in the TC
among prediabetics [11] which is not in accordance
with our report. None of the lipid components showed
significant changes among diabetic individuals in their

study [11] which was not the objective of our study.

In a study of myocardial performance index in
with

cardiovascular risk factors, assessment of lipid profile,

prediabetes and its correlation other
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BMI, WHR was carried out, it was noted that BMI,
WHR, TC, TG, LDL, VLDL were all significantly higher
and HDL was significantly lower in prediabetic
subjects [10]. Similarly, a retrospective study that
tracked lipid profile and atherogenic indices among
prediabetics of Andaman Nicobar Islands, noted that
all the lipid profile components except HDL were
significantly increased and HDL was significantly
decreased in prediabetics [12]. These reports were not

in accordance with our report.

One limitation of our study is its cross-sectional
nature. The study population was from only one
hospital in Bangalore. But this hospital caters to a
random study population, which represented the true
population of Karnataka State of South India.

Conclusion

In our study of the lipid profile in prediabetics, of
Karnataka State, India, a negative correlation of HDL
with HbA1ic was observed. So, prediabetics can
prevent themselves from developing diabetes in their
later years by testing their HDL and Cholesterol to
HDL ratio at regular intervals as they fall in the risk
category for progressing into Type2 diabetes. So,
periodic monitoring of HDL levels and Cholesterol to
HDL ratio should be made mandatory for pre-
diabetics. Regarding demographic factors, abdominal
obesity and not the BMI is the risk factor for
prediabetes. The age group between 32 to 60 is
vulnerable to the onset of prediabetes. So, prediabetics
should implement a regular exercise regime to prevent
themselves from becoming diabetics in their later

years.
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