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Correlation between HDL Level with Clinical
and Biochemical Markers of Atherogenesis

ABSTRACT

Introduction: HDL cholesterol (HDL-C) level is an independent
predictor of risk for cardiovascular events in both genders,
low levels of which have been demonstrated to have an
inverse association with cardiovascular disease and mortality.
Anthropometric measurements serve as surrogate markers
for atherogenic burden. Atherosclerosis represents a chronic
inflammatory process and low HDL being an inflammatory
state, inflammatory markers such as high-sensitivity C Reactive
Protein (hs-CRP) may provide an adjunctive method for global
assessment of cardiovascular risk. TG/HDL ratio has been
proved to have a high association with prevalence of metabolic
syndrome and with insulin resistance.

Aim: To find out the correlation between High Density
Lipoprotein (HDL) level with clinical and biochemical markers
of atherogenesis.

Materials and Methods: This cross-sectional study was
conducted with a study population of 200 individuals, who were
either in-patients or outpatients in the Department of Medicine
at Kasturba Medical College (KMC), Manipal Karnataka, India.
(Study period July 2012-July 2014). Individuals aged 18-
70 years being investigated for dyslipidemia for the first time
were included. Data was collected by in person interview by
specific questionnaire. Height, weight, waist circumference and
hip circumference were measured as per standard protocol.
Laboratory reports were noted for the estimation of Fasting
Blood Sugar (FBS), HDL and Triglycerides (TG), hs-CRP, fasting
insulin. Serum LDL was calculated. Statistical data analysis was
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done using SPSS 16.0 version. Mean and median values were
calculated corresponding to the data. Results were analysed
using Pearson’s and Spearman’s correlation coefficient.
Independent t-test and Mann-Whitney’s tests were used for
calculation of significance of correlation.

Results: Among the studied individuals 53% (106) were
males and 47% (94) were females. A total of 77%(154) of the
individuals with low HDL and 70%(140) individuals with normal
HDL had abnormal waist circumference. Mean Waist Hip Ratio
(WHR) was same across groups with low and normal HDL.
Mean Body Mass Index (BMI) was similar in both the groups
among males; however, a statistically significant difference
was found among females. Abnormal waist circumference was
found similar across both the groups. Median hs-CRP showed
a statistically significant higher values among individuals with
lower HDL. Fasting insulin and HOMA-IR was higher among
individuals with low HDL (vs normal HDL), but it was statistically
insignificant. Median TG/HDL ratio among 41 individuals were
found to be 3.08, which was higher than the cut-off to signify
insulin resistance. HOMA-IR and TG/HDL ratio showed a
statistically significant positive correlation suggesting that TG/
HDL ratio can be used as a marker of insulin resistance.

Conclusion: This study revealed that anthropometric indices
showed an inverse correlation with HDL levels, with BMI being a
better predictor of HDL-C changes. HDL was lower in individuals
with insulin resistance, with TG/HDL ratio being a significant
marker of insulin resistance.
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INTRODUCTION

Cardiovascular Diseases (CVD) are increasing due to over utilisation
of fats or due to genetic causes. It is a leading cause of morbidity
and mortality from infancy to old age. Atherosclerosis is an insidious
and vulnerable disease [1]. Though conventional risk prediction
algorithms are made available on presence of major cardiovascular
risk factors identified in diseased individuals, authentic and exact
biomarkers of CVDs are lacking. Lipid abnormalities have been
pragmatic in obese individuals, including elevated cholesterol,
triglycerides, and lower HDL cholesterol levels [2]. Atherogenic
dyslipidemia is normally seen in individuals with obesity, metabolic
syndrome, insulin resistance and type 2 Diabetes Mellitus (DM). This
compendium has emerged as an important marker for increased
cardiovascular risk observed in these populations [3]. Insulin
resistance plays a vital role in pathophysiology of type 2 diabetes
and is tightly related with major public health problems, including
obesity, hypertension, coronary artery disease, dyslipidemia, and a
cluster of metabolic and cardiovascular abnormalities that define
the metabolic syndrome [4].

High Density Lipoprotein Cholesterol (HDL-C) level is an independent
predictor ofrisk for cardiovascular events in both genders. High serum

levels of HDL is associated with reduced risk for atherosclerosis
and its clinical sequelae [5]. The molecular basis for the apparent
vascular protection afforded by elevated HDL-C is widely attributed
to the ability of HDL particles to drive reverse cholesterol transport.
HDL particles also seem to have anti-inflammatory, antioxidant
and antithrombotic properties [6]. Anthropometric measurements
serve as surrogate markers for atherogenic burden. Atherosclerosis
represents a chronic inflammatory process and low HDL being an
inflammatory state. Inflammatory markers such as hs-CRP may
provide an adjunctive method for global assessment of cardiovascular
risk [7]. Low HDL levels have been demonstrated to have an inverse
association with cardiovascular disease and mortality. TG/HDL ratio
has been proved to have a high association with prevalence of
metabolic syndrome and with insulin resistance [8].

In the present study, we have tried to correlate HDL level with
clinical and biochemical markers of atherogenesis. Anthropometric
measurements, measurement of hs-CRP levels and correlation with
HDL levels may help us predict low HDL which is a part of metabolic
syndrome and thus predict the future risk of atherosclerosis early
and define the at risk population. This study focused on considering
inclusion of all anthropometric and biochemical parameters in

Journal of Clinical and Diagnostic Research. 2019 Jan, Vol-13(1): OC04-OC07



www.jcdr.net

one single study. Even though there have been similar studies in
literature, all parameters have not been included in a single study.

MATERIALS AND METHODS

Study Population

This cross-sectional study was conducted with a study population
of 200 individuals, who were either inpatients or outpatients in
the Department of Medicine at Kasturba Medical College (KMC),
Manipal, Karnataka, India. The study period extended from July
2012 to July 2014. Individuals being investigated for dyslipidemia
for the first time were included. Individuals aged 18-70 years were
included and they underwent complete lipid profile testing.

Sample Size
Sample size was calculated as 198 using the below mentioned
formula.

ﬁzﬂ _atZi- 5]2

n=
; [1+r] 4, 1+
{1}.21951_;-1_1!.210;%& 2

Where:

n-sample size

At 5% level of significance
Z =196

1-a/2”
For 80% power=(1-f)

Z,,=0.84

r,=-0.5 (hypothesised value of correlation coefficient)
r,=-0.335

200 subjects were included in the study.

The exclusion criteria were as follows: Individuals on weight losing
diet; long term lipid lowering agents use (for last three months);
patients on aspirin or NSAIDs; pregnant women; women on
hormone replacement therapy; patients with febrile illness in
the past one month suggested of infection (bacterial, fungal,
mycobacterial, viral); active diseases like rheumatoid arthritis,
ankylosing spondylitis, psoriatic arthritis, systemic vasculitis etc.,
acute pancreatitis, recent Ml (in the last three months), tumour
embolism; Malignancy-lymphoma, carcinoma, sarcoma; Trauma-
surgery, burns, fracture.

Methodology

Data was collected by in person interview using a specific
questionnaire. Height, weight, waist circumference and hip
circumference were measured as per standard protocol. BMI was
calculated using the formula weight/(height in meters)?. Laboratory
reports were noted on the estimation of FBS; estimation of total
cholesterol (CHOD-POD enzymatic method); estimation of
triglycerides (GPO-PAP method); estimation of HDL-cholesterol
was done by direct homogenous method. LDL Cholesterol
was calculated using the formula-Total cholesterol-(HDL-
C+Triglycerides)=LDL cholesterol. hs-CRP was measured using
the Immunoturbidimetric method. Fasting insulin was estimated
using the chemiluminescence method. All the biochemical tests
were done using ROCHE diagnostics machine, Germany except
for HoA1c levels that was done using Biorad-D-10, Germany.

The Institutional ethics committee approval was obtained for the
study (IEC345/2011).

STATISTICAL ANALYSIS

Statistical data analysis was done using SPSS 16.0 version. Mean
and median values were calculated corresponding to the data.
Results were analysed using Pearson’s and Spearman’s correlation
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coefficient. Independent t-test and Mann Whitney’s tests were used
for calculation of significance of correlation.

RESULTS

Two hundred individuals were enrolled in the study; 53% (106)
were males and 47% (94) were females. Mean age of the study
population was 48.91+10.59 years, with mean age of males being
50.25+10.97 years and that of females being 47.39+9.99 years.
Age distribution showed similar pattern among males and females
[Table/Fig-1].

Anthropometry Measurements Low HDL (n=100) Normal HDL (n=100)
Mean BMI 26.65+4.90 25.08+4.28
Male 25.45+3.73 25.62+3.98
Female 27.52+5.56 24.23+4.64
Waist Circumference 93.22+11.08 91.98+10.28
Waist Hip Ratio 0.96+0.06 0.96+0.04
Male 0.98+0.05 0.97+0.04
Female 0.94+0.06 0.96+0.04

[Table/Fig-1]: Descriptives of anthropometric measurements in the study population.

Distribution of Regular Physical Activity

Assessment of physical activity was done arbitrarily based on the
below mentioned criteria, recommended by American College of
Sports Medicine and the American Heart Association. To promote
and maintain health, all healthy adults aged 18 to 65 year need
moderate-intensity aerobic (endurance) physical activity for a
minimum of 30 minute on five days each week or vigorous-intensity
aerobic physical activity for a minimum of 20 minute on three days
each week.

According to this, 56 individuals (28%) satisfied the criteria for
regular physical activity, and 144 individuals (72%) did not perform
regular physical activity.

Distribution of Comorbidities

Among the study group, 26.5% (53) were found to be diabetic and
73.5% (147) were non diabetic. A 20% (40) were hypertensive and
6% (12) were found to be smokers. Among 200 patients, 1% (2) was
detected to have Ischemic Heart Disease (IHD). Both the patients
with ischemic heart disease were found to have low HDL.

Biochemical and Anthropometric Indices
Mean HDL was found to be 46.2+12.63. Mean HDL was higher
among females (50.24+13.90) as compared to males (42.62+10.18).

Mean BMI was similar in both the groups among males; however,
a statistically significant difference was found in females. Abnormal
waist circumference was found in similar numbers across both
the groups.

hsCRP among Low HDL and Normal HDL

Median hsCRP were higher among individual with lower HDL, which
demonstrated a statistically significant difference [Table/Fig-2].
(p=0.015). A negative correlation was found between hsCRP and
HDL with r=-0.197.

Low HDL (n=35) Normal HDL (n=31) p-value
th th th th
Median | 2" 5" | Median | %" s
percentile | percentile percentile | percentile
hsCRP 2.00 1.2 5.3 1.1 0.70 2.3 0.015

[Table/Fig-2]: Distribution of hsCRP among low HDL and normal HDL individuals.

hsCRP: High sensitivity C reactive protein; HDL: High density lipoprotein

Assessment of Insulin Resistance

Fasting insulin estimation and Homeostatic Model Assessment-
Insulin Resistance (HOMA-IR) calculation was done in 41 subjects.
A negative correlation was found between HDL and fasting insulin
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(r=-0.201) and HOMA IR (r=-0.223), a measure of insulin resistance.
Fasting insulin and HOMA-IR were found higher among individual
with low HDL (13.15 and 3.39 respectively) compared with individual
with normal HDL (8.40 and 2.57 respectively), but it was statistically
insignificant [Table/Fig-3].

Low HDL (n=24) Normal HDL (n=17) p-value
th th th th
Median | 25" 75" | Median | 25" "
percentile | percentile percentile | percentile
Fasting | 4315 | 7.0 1670 | 8.40 6.80 12.05 | 0138
Insulin
HOMA-IR 3.39 1.79 5.85 2.57 1.65 3.54 0.122

[Table/Fig-3]: Parameters for assessment of insulin resistance.

HOMA-IR: Homeostatic model assessment-insulin resistance; HDL: High density lipoprotein

TG/HDL and Insulin Resistance

Median TG/HDL ratio among 41 individuals were found to be
3.08, which is higher than the cut off to signify insulin resistance
[Table/Fig-4].

Median TG/HDL Ratio (n=41) Interquartile Range

25" percentile 75" percentile

3.08 2.42 4.38
[Table/Fig-4]: Median TG/HDL ratio in the study population.

TG: Triglyceride; HDL: High density lipoprotein

Correlation Coefficients

Out of the 41 individuals, 21 patients were found to have TG/HDL
>3. HOMA-IR found higher among individuals with higher TG/HDL
ratio (median=4.34 v/s median=2.42) which is statistically significant
(p=0.041). HOMA-IR and TG/HDL ratio showed a statistically
significant positive correlation (p=0.009) suggesting that TG/HDL
ratio can be used as a marker of insulin resistance [Table/Fig-5].

TG/HDL v/s
HOMA-IR
[Table/Fig-5]: Correlation Coefficients.

Correlation Coefficient p-value

0.009

0.402

TG: Triglyceride; HDL: High density lipoprotein; HOMA-IR: Homeostatic model assessment-insulin
resistance

DISCUSSION

In the current study, higher prevalence of low HDL were seen among
female (58.5%) as compared to male (42.5%). Mean HDL were higher
among female as expected for their gender. Similar results were
demonstrated by Mohan V et al., in CURES-34 study with female
having higher prevalence of lower HDL. The prevalence of metabolic
syndrome has been shown to be higher among female with the
increased propensity of women to have central obesity. The gender
difference may be due to different cut-off points for HDL-C [9-13].

Mean BMI in the study population were 25.86 kg/m? which was
higher than the cut-off value for Asian standards (BMI >23 kg/m?)
[14]. Female with low HDL had a higher BMI as compared to those
with normal HDL, which was statistically significant. Thus, higher
BMI in female could be used to predict lower HDL and atherogenic
dyslipidemia.

HDL and BMI showed a statistically significant inverse correlation
in the current study (r=-0.192, p=0.006). Similar results were
demonstrated by Schroéder H et al., in 2003 in Southern Europe
(r=-0.19, p<0.001) and Seidell et al., in 2001 in the Quebec Family
Study (p<0.05) [15,186].

An abnormal waist circumference could also be used as a marker
to predict low HDL in female. This is well in line with Indian obesity
which is central. A 82% of females and 65% of males were found to
have abnormal waist circumference. The number was higher among
females because of the lower cut-off among them [9,10].

Mean Waist Hip Ratio (WHR) were similar but higher than the cut-off
values (0.88 and 0.81 for men and women respectively) in both the
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groups [17]. WHR also showed an inverse association with HDL,
thus showing a trend though not statistically significant.

This study demonstrated a negative correlation between HDL
and hsCRP which was statistically non-significant. Fréhlich M et
al.,, and Kim Kl et al., have demonstrated a low level of negative
correlation between HDL and hsCRP which was statistically
significant [18,19]. Thus, low HDL may be considered as an
inflammatory marker.

Study showed that individuals with triglyceride-HDL ratio >3 had a
higher HOMA-IR value compared to those with a ratio of <3 which
was statistically significant (p=0.041) suggesting a higher TG to HDL
ratiois a better predictor of insulin resistance. HOMA-IR and TG/HDL
showed a statistically significant positive correlation strengthening
the fact that TG/HDL ratio can be used a marker of insulin resistant
state. Study conducted by Sayantan et al., in Kolkata demonstrated
similar results [20]. Various other studies have shown TG/HDL ratio
to be a better marker of insulin resistance [21-23].

Hence, while dealing with atherogenic Indians, clinicians should
consider combination of anthropometric parameters like WHR,
BMI, HDL hs-CRP, and triglyceride-HDL ratio.

LIMITATION

The sample size was smaller with respect to estimation of hs-CRP
and fasting insulin levels. Physical activity was assessed arbitrarily
with no questionnaire being administered for assessment.

CONCLUSION

This study revealed that anthropometric indices showed an inverse
correlation with HDL levels, with BMI being a better predictor of
HDL-C changes. Waist circumference demonstrated a trend of
inverse association with HDL-C, but did not show a significant
negative correlation. HDL and hs-CRP demonstrated an inverse
relation showing statistically non-significant. HDL was found to be
lower in individuals with insulin resistance, with TG/HDL ratio being
a significant marker of insulin resistance.
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