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ABSTRACT
This study aimed at investigating the relationships between lipid abnormalities, atherogenic index of plasma (AIP) and
anthropometric indices (WC, BMI, WHR) among a group of Saudi type 2 diabetic patients living in Jeddah. A total sample
of one hundred and thirty four male aged 27 to 75 years old participated in this study. Anthropometric measures and blood
chemistries were obtained. The results revealed that there was a significant increase in serum TC, TG, LDL-c, VLDL-c and
a significant decrease in HDL-c in patients. The most common lipid abnormality found in this study was triglycerides
followed by HDL and LDL. The results revealed a weak, positive and significant correlation between BMI (r= 0.230), WC
(r= 0.349), WHR (r=0.187) and HbA1c. In the case of lipid components, a weak, positive and significant correlation was
obtained between BMI (r= 0.208), WC (r= 0.325), WHR (r = 0.274) and TG while a weak, negative and statistically
significant correlation was obtained between BMI (r= - 0.201), WC (r= -0.245), WHR (r= - 0.231) and HDL. Statistically
significant and weak positive correlation was found between BMI (r= 0.115), WC (r= 0.182), WHR (r= 0.127) and TC.
Statistically significant and weak positive correlation was found between BMI (r= 0.315), WC (r= 0.372) and LDL while a
weak, positive and non-significant correlation was found between WHR (r=0.197) and LDL. A weak, positive and non-
significant correlation was obtained between BMI (r=0.197), WC (r=0.018), WHR (r=0.227) and VLDL. The results
revealed that multiple anthropometric parameters are required to correlate lipid profile rather than single parameter in type
2 diabetes mellitus. This study showed that all of the studied anthropometric indices had a   statistically significant positive
correlation with AIP. The relationship was strongest between AIP and WC (r= 0.383; p=0.0024) and the least was between
AIP and waist-hip-ratio (r = 0.226; p=0.0042). The results of the present study revealed that multiple anthropometric
parameters are required to correlate lipid profile and AIP rather than single parameter in type 2 diabetes mellitus. Along
with anthropometric measurements, lipid profile is also need be monitored in type 2 diabetics. Further broad study is
advised.
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INTRODUCTION
Diabetes mellitus (DM) is an epidemic of vast proportions
around the world that costs the nations billions in medical
care, disability and early deaths. The prevalence of type 2
diabetes mellitus (T2 DM) is rising much more rapidly
because of increasing obesity and reduced activity levels
as countries become more industrialized. This is true in
most countries, and 6 of the top 10 countries with highest
rates are in Asia[1]. T2 DM is commonly associated with
obesity, hypertension, cardiovascular disease (CVD), and
lipid abnormalities. The prevalence of DM among adults
in Saudi Arabia is 30% and that figure is expected to be
more than double by 2030. Half of the people over 30
years of age are prone to diabetes [2,3]. Saudi Arabia ranks
seventh worldwide and the first in the Gulf in terms of
diabetes rates[4]. We are in the midst of an obesity
pandemic. Obesity is a metabolic disease that is casually
related to serious medical illness, including T2 DM. The
relationship of obesity with T2 DM has been recognized
for several decades, and a close association between
obesity and insulin resistance has been observed in all
ethnic groups [5,6,7]. DM is a worldwide health problem
which leads to markedly increased cardiovascular
mortality and indisposition [8]. In T2 DM lipid

abnormalities are almost the rule. 70% to 97% of adults
with T2 DM have one or more lipid abnormalities. Lipid
irregularities significantly contribute to the increased risk
of cardiovascular disease (CVD) and other morbidity in
diabetics. There is a growing body of evidence showing
that hyperglycemia and dyslipidemia are linked to
increased cardiovascular risk [9]. Atherogenic dyslipidemia
of diabetes also known diabetic dyslipidemia is
characterized by raised triglycerides (TG), reduced high
density lipoprotein (HDL-C), and excess of small dense
low density lipoprotein (LDL-C), which constitute the
lipid triad and are considered as traditional risk factors for
CVD [10,11]. Patients with type 2 diabetes mellitus-
associated dyslipidemia remain exposed to a high residual
risk of CVD complications, even if they are treated with
current standards of care, making this one of the major
unmet needs in the treatment of patients with diabetes. An
understanding of the complex interplay of how treating
dyslipidemia reduces the risk for CVD events in patients
with type 2 diabetes mellitus and an ability to assess at-
risk patients is necessary to ensure the major appropriate
treatment strategies are implemented. Lipid ratios have
also been found to indicate an atherogenic risk and are
said to better predictors of coronary artery diseases than
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lipids alone [12]. An early intervention to normalize
circulating lipids has been shown to reduce cardiovascular
complications and mortality [13, 14].
It has been demonstrated that the atherogenic index of
plasma (AIP), a new indicator of atherogenity,
significantly increases with atherogenic risk [15].
Dobiasova and Frohlic [16,17] defined the atherogenic index
as the logarithm of the ratio of plasma triglyceride to
HDL-C levels. It is suggested that AIP values of ˂ 0.1 are
related to low cardiovascular risk, between 0.1 and 0.24
are related to moderate cardiovascular risk, and > 0.24 are
related to high cardiovascular risk [18,19,20]. Different
investigators concluded that AIP has a better prediction of
coronary artery disease than individual lipids, and/ or
TC/HDL-c, LDL-c/HDL-c ratios. AIP which can easily be
calculated from standard lipid profile can act as an adjunct
that significantly adds predictive value for cardiovascular
events beyond that of the individual lipid
parameters[19,20,21]. According to some authors, calculating
AIP can be more reliable in predicting the risk for
development of atherosclerosis in diabetes mellitus
patients. This parameter is easy to calculate every time a
lipid profile is asked for, so that the cardiovascular risk of
the patient can be assessed [16,18,19,20,21].
Over a period of time the anthropometric parameters have
evolved into reliable indicators for predicting the
incidence of various non-communicable disease risk
factors in all populations though the threshold cut off
values vary from population to population. Simple
anthropometric measurements have been used as surrogate
measurements of obesity and have more practical values in
both clinical practice and for large-scale epidemiological
studies[22]. Various studies have shown that
anthropometric parameters such as body mass index
(BMI), waist circumference (WC), and waist hip ratio
(WHR) are useful indicators for predicting incidence of
type 2 diabetes in populations [23,24,25]. Approximately 58%
of diabetes and 21% of ischemic heart disease globally are
attributable to a body mass index (BMI) above 21 kg/m2.
At the same time, around 60% of low income patients
borrow, mortgage, or sell their property just to keep their
blood sugar levels under control [26]. The anthropometric
measures are being used for screening obesity, diabetes,
and CVD. BMI is used as an indicator for generalized
obesity and WC, WHR are measures of central obesity.
Central obesity is considered a better indicator of
cardiovascular risk and mortality than BMI. Some authors
showed that BMI and WHR were predictors of type 2
diabetes outcome[27]. Whereas in other studies, WC was a
better predictor of T2 DM and was more strongly
correlated to intra-abdominal fat than WHR [25, 28]. A case
control study from 57 countries has shown that WHR
shows a graded and highly significant association with
myocardial infarction risk worldwide[29]. A meta-analysis
study has shown that abdominal obesity as measured by
WC and WHR is significantly associated with the risk of
incident CVD events[30]. However, the studies available to
date still give no conclusive answer as to which
anthropometric parameter best predicts cardiovascular
events and mortality [24, 31, 32]. Studies have done on obesity
indices predicting diabetes or coronary artery disease
(CAD) in non-diabetics, but there are very limited studies

relating anthropometric variables for CAD among
diabetics. There is also a dearth of studies on the use of
AIP as an index of atherogenic risk in determining
anthropometric predictors [33, 34].
The objective of this study was (1) to examine
anthropometric parameters and lipid profile patterns in
type 2 diabetics, (2) to study the correlations between
anthropometry and lipid profile in type 2 diabetics, and (3)
to study the correlation of AIP with anthropometric
parameters (WC, BMI, WHR).

MATERIALS & METHODS
This is a cross-sectional study. The study includes 134 T2
DM patients who satisfied the inclusion criteria, attending
King Abdulaziz University health clinic, Jeddah (Saudi
Arabia). Inclusion criteria for the patients were male
subjects with age > 25 years residing in Jeddah city and
having history of known DM for more than 5 years.
Smokers, alcoholics, and subjects with hepatic, renal,
endocrine disorders and those on lipid lowering agents
were excluded from the study. Informed consent was
sought and obtained from individuals before enrollment
into the study. The study protocol was approved by
institutional ethical committee. After taking a brief
medical history, a detailed physical examination was
conducted for all participants by a physician and the data
was recorded in a predesigned questionnaire.
Anthropometric measures included height, weight; waist
and hip circumference were measured according to
standard protocols and were recorded. BMI was calculated
as weight in kilograms divided by height in squared
meters. The waist to hip ratio (WHR) was calculated as the
waist circumference divided by the hip circumference. The
threshold cut-off values adopted for anthropometrical
parameters were BMI => 25 kg/m2, WC => 90 cm, WHR
=> 0.90 for males [35]. The cut-off values for dyslipidemia
were according to National Cholesterol Education
Program Adult Treatment Panel III criteria [36]. Venous
blood samples were collected from each patient after at
least 10 hours fasting into centrifuge tubes. Serum was
separated by centrifugation at 3000 rpm for 15 minutes.
The sera were analyzed for glycated hemoglobin (HbA1c),
total cholesterol (TC), triglycerides (TG), and high density
lipoprotein cholesterol (HDL-c) using an autoanalyzer
(Roche Modular P-800, Germany). Serum low density
lipoprotein cholesterol (LDL-c) was calculated by
Friedewald’s formulas shown below [37, 38]:

LDL-c = TC – [(HDL-c) + (TG/5)]
The VLDL cholesterol concentration was calculated from
the values of TG by Friedewald’s fomula [39].
The atherogenic indices were calculated as follows
[18,19,37,38]:
Atherogenic Index of Plasma (AIP) = log (TG / HDL-c)
The results were reported as mean ± SD. The statistical
analysis was done by SPSS version 17.0 software. The
results were evaluated by using the independent sample‘t’
test and the Pearson’s correlation coefficient test. The
results were considered significant when p ˂ 0.05.

RESULTS
The study sample consisted of 134 males. The mean age of
the patients was 53.94 ± 9.21 years while the mean
duration of diabetes was 7.31±3.06 years. The baseline



G.J.B.B., VOL.7 (1) 2018: 60-69 ISSN 2278 – 9103

62

characteristics of the type 2 diabetic patients are shown in
Table 1. The mean values were above the threshold cut-off
values for the three measured anthropometric parameters
(BMI, WC, and WHR). According to WHO definition[40],
majority of patients in our cohort were either obese
(48.2%) or overweight (39.2%); the mean level of BMI
was 29.54 ±3.65 kg/m2. Unfortunately, the subjects in our
cohort had uncontrolled DM with HbA1c above the

optimum level (9.98 %)[36]. There was a significant
increase in serum TC, TG, LDL-c, VLDL-c and a
significant decrease in HDL-c in patients. The most
common lipid abnormality found in this study was
triglycerides followed by HDL and LDL. The mean ± SD
of AIP was 0.58 ±0.066 in men. According to the AIP
category that mentioned before, the participants were in
increased risk of CVD.

TABLE 1.  Clinical and biochemical characteristics of the participants
Characteristics Mean ± SD
Number of subjects 134
Age (years) 53.94 ± 9.21
Duration of diabetes (years) 7.31 ± 3.06
Body mass index (kg/m2) 29.54 ± 3.65
Waist circumference (cm) 99.57 ± 8.93
Waist hip ratio 0.98 ± 0.07
HbA1c (%) 9.98 ± 1.23
TC (mg/dl) 221.46 ± 45.61
TG (mg/dl) 186.40 ± 41.28
HDL-c (mg/dl) 38.01 ± 8.09
LDL-c (mg/dl) 144.55 ± 29.21
VLDL-c (mg/dl) 33.08 ± 2.65
Atherogenic index of plasma (AIP) 0.584 ± 0.066

Table 2 shows the results of correlation coefficient (r-
value) showing strength of association between the
anthropometric variables. The results revealed a good
correlation (r=0.6 to 0.8) between BMI and HC. Mild

correlation (r=0.4 to 0.6) was seen between BMI, HC,
WHR and WC. No correlation was observed between HC
and WHR.

TABLE 2. Pearson’s correlation coefficient (r value) among anthropometric parameters
Parameter BMI WC WHR HC

WC
r = 0.51
p˂0.05

r = 0.60
p˂0.05

r = 0.53
p˂0.05

BMI
r = 0.50
p˂0.05

r = 0.70
p˂0.05

WHR
r = 0.06
p˂0.05

The strengths and directions of association between the
various lipid profiles, HbA1c and anthropometric indices
are shown in Table 3. The results revealed a weak,
positive and significant correlation between BMI (r=
0.230), WC (r= 0.349), WHR (r=0.187) and HbA1c. In the
case of lipid components, a weak, positive and significant
correlation was obtained between BMI (r= 0.208), WC (r=
0.325), WHR (r = 0.274) and TG while a weak, negative
and statistically significant correlation was obtained
between BMI (r= - 0.201), WC (r= -0.245), WHR (r= -
0.231) and HDL. Statistically significant and weak
positive correlation was found between BMI (r= 0.115),

WC (r= 0.182), WHR (r= 0.127) and TC. Statistically
significant and weak positive correlation was found
between BMI (r= 0.315), WC (r= 0.372) and LDL while a
weak, positive and non-significant correlation was found
between WHR (r=0.197) and LDL. A weak, positive and
non-significant correlation was obtained between BMI
(r=0.197), WC (r=0.018), WHR (r=0.227) and VLDL.
Table 4 shows that all anthropometric indices had
significant positive correlation with AIP. The relationship
was strongest between AIP and WC (r = 0.383; p =
0.0024) and the least was between AIP and waist-hip-ratio
(r = 0.226; p = 0042).

TABLE 3. Correlations between some anthropometric parameters, the lipid profile, and glycated hemoglobin values of
Saudi males with T2 DM

Anthropo-metric
parameters

TC TG HDL LDL VLDL HbA1c

BMI
r=0.115
p˂0.05

r=0.208
p˂0.05

r= -0.201
p˂0.05

r=0.315
p˂0.05

r=0.197
p>0.05

r=0.230
p˂0.05

WC r=0.182
p˂0.05

r=0.325
p˂0.05

r= -0.245
p˂0.05

r=0.372
p˂0.05

r=0.018
p>0.05

r=0.349
p˂0.05

WHR r=0.127
p˂0.05

r=0.274
p˂0.05

r= -0.231
p˂0.05

r=0.197
p>0.05

r=0.227
p>0.05

r=0.187
p˂0.05
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TABLE 4. Correlation of atherogenic index of plasma (AIP) with BMI, WC and WHR
Anthropometric
parameters

Pearson correlation
coefficient

p-value

WC r = 0.383 p = 0.0024
BMI r= 0.378 p = 0.0037

WHR r = 0.226 p = 0.0042

DISCUSSION
Diabetes is associated with a greater risk of morbidity and
mortality from CVD, and heart disease is the leading cause
of death among people with diabetes. DM is a chronic
disease that requires long term medical attention both to
limit the development of its devastating complications and
manage them when they occur. A worldwide epidemic
exists with respect to DM,   primarily because of increased
rates of obesity. Epidemiological studies have shown that,
compared to lean individuals, very obese men and women
(BMI > 35) have a several folds increase in probability of
developing T2 DM [41]. Diabetes is becoming an epidemic
in Saudi Arabia. Therefore there is an urgent need to
generate an easy, understandable and effective ways for
prevention of diabetes among Saudis. Also there is a need
for an effective and easily understandable parameter as a
predictor for diabetes risk. Anthropometric parameters
above the threshold cut off values were found to be
predictors of diabetes and other cardiovascular risk factors
in various populations even though it is not clear which
anthropometric parameter is ideal for a particular
population. In literature, contradictory results were
reported for correlation coefficients among anthropometric
parameters in diabetic patients. The interactions among the
anthropometric variables, in this study, are shown in Table
2 which ranged from weak to strong.
In the present study, the BMI was found to have a strong
correlation with HC and a moderate correlation with
WHR. Some studies have found that BMI is strongly
correlated with HC [42,43,44], while other studies found weak
correlation [24,45]. Our value of correlation coefficient (r=
0.50) between BMI and WHR is similar to the values
obtained by previous authors [43,46]. In our study, we
obtained a moderate correlation (r=0.51) between BMI
and WC. Our value of r was higher than the values
reported by previous authors [24,33] and lower than the
values reported by different investigators [43,47]. Our value
of correlation coefficient (r=0.60) between WC and WHR
was similar to the values obtained by different authors
[33,48]. The present value of correlation coefficient (r= 0.53)
between WC and HC was higher than the published value
[24] while it was lower than the value available in literature
[42,44].
Our value of the correlation coefficient (r=0.06) between
WHR and HC was the same as reported by Lokpo et al.
[44].
HbA1c is the main indicator which is used for evaluation
of glycemic control in diabetes mellitus. Epidemiological
data and meta-analyses have shown a direct relationship
between glycemic control and cardiovascular disease. The
high values of HbA1c were associated with an increased
risk of complications in patients with T2 DM [49]. A
statistically significant association was found between the
high levels of HbA1c and the mortality rates associated
with diabetes. If the value of HbA1c was ≥ 8%, the risk of

death was 15.3% higher than in HbA1c ˂ 6% [50]. In our
T2 DM patients, the HbA1c values exceeded the listed
limits. Among three anthropometric parameters studied in
the present study, it was found that HbA1c has the
strongest relationship with WC [Table 3]. Pearson
correlation coefficient of HbA1c with BMI was 0.230.
This is concordant with some previous results [51,52,53]. The
present correlation coefficient value (r=0.349) between
HbA1c and WC was similar to the r- value of previous
investigators [52,53]. We obtained a weak and statistically
significant correlation coefficient (r=0.187) between
HbA1c and WHR. Tayde et al. [54] observed that there was
statistically significant linear positive correlation between
HbA1c and WHR (r=0.349, p=0.013) while no significant
correlation (p=0.165) was observed by Srinivasan et al.
[55]. The HbA1c most accurately reflects the glycemic
control, based on the preceding two to three months and it
has been shown to predict the risk for the development of
several chronic complications, as was observed in diabetes
patients. Epidemiological evidence suggests that elevated
HbA1c is associated with cardiovascular and ischemic
heart disease. Both obesity and physical inactivity are
considered to play important roles in the prevention and
treatment of diabetes, with the ADA recommending that
people with HbA1c of 5.6 - 6.4%  undergo moderate
weight loss (7% of initial body mass), as well as
increasing physical activity to at least 150 min/week of
moderate activity. Ageing is another factor that contributes
to variance in HbA1c and diabetes risk. Even in non-
diabetic adults with normal fasting glucose, HbA1c
steadily increase with age, such that at 70+ years of age it
is 5.5% [56].
Lipid abnormalities are common in diabetic patients and
frequently seen in type 2 diabetic patients. Dyslipidemias
make diabetic patients prone to develop cardiac heart
disease and other complications of atherosclerosis. The
investigated lipid profile of T2 DM Saudi male patients
showed two unfavorable tendencies: elevated levels of TC,
TG and LDL-cholesterol. Gloomy prediction provided the
excess percentage of HbA1c too. Diabetes mellitus is a
chronic disease which affects all organ systems. To be
well controlled T2 DM requires an individualized to the
patient multidisciplinary approach. This multidisciplinary
approach induced us to look for correlations between some
anthropometric parameters and the lipid profile, as well as
HbA1c levels of Saudi males with T2 DM. The results of
our investigations were depicted in Table 3.
Our study demonstrated a weak and statistically significant
positive correlation between BMI with TC, TG, and LDL
cholesterol while a weak, negative and statistically
significant correlation was obtained between BMI and
HDL. Similar results were reported by previous
investigators [51,57,58,59]. There was a weak, positive and
non-significant correlation between BMI and VLDL (p
>0.05). A close association was also obtained between TG
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and BMI (r=0.286, p ˂0.001) by Chan et al. [60].
Himabindu et al. [61] reported statistically significant
positive correlation between BMI and VLDL (r=210,
p=0.034) and statistically non-significant positive
correlation between BMI and TC (r=0.017, p=0.866), TG
(r=0.117, p=0.243) and HDL (r=0.150, p=0.132). Sharma
and Prasad [62] reported that BMI was non-significantly
and inversely correlated with TC (r= - 0.03, p = 0.857),
TG (r= -0.08, p = 0.584), HDL (r= -0.05, p = 0.744), LDL
(r= -0.05, p = 0.733), VLDL (r= -0.11, p = 0.450). Kayode
et al. [63] reported that there was significant correlation
between BMI and TC (r=0.641); BMI and LDL (r=0.653)
and BMI and TG (r= -0.393).
In the present study, there was a weak significant positive
correlation between WC and TC (r=0.18); WC and TG
(r=0.325); WC and LDL (r=0.372), while a significant
inverse correlation between WC and HDL (r= - 0.245).
The correlation between WC and VLDL was weak,
positive and statistically non-significant. Kayode et al. [63]

reported that there was significant correlation between WC
and TC (r=0.560); WC and LDL (r=0.612); BMI and TG
(r= -0.386). Okafor et al. [42] found a weak positive and
statistically non-significant correlation between WC and
TC (r=0.035); WC and LDL (r=0.010); WC and HDL
(r=0.074) while a weak positive and statistically
significant correlation between WC and TG (0.172) (p
˂0.05). Seidell et al. [46] found a positive and statistically
significant correlation between WC and TC (r=0.18); WC
and LDL (r=0.08); WC and TG (r=0.56) while a
significant inverse correlation between WC and HDL (r= -
0.34). Himabindu et al. [61] reported statistically non-
significant negative correlation between WC and TC (r= -
0.078); WC and TG (r= -0.029); WC and HDL (r= -
0.042); WC and LDL (r= -0.131), and non-significant
positive correlation between WC and VLDL (r=0.027).
Chan et al. [60] reported that HDL-cholesterol correlated
negatively (r= -0.335, p ˂0.001) with WC, while TG
correlated positively (r=0.325, p ˂0.001) with WC.
Our results revealed a weak, positive and statistically
significant correlation between WHR and TC (r=0.127);
WHR and TG (r=0.274) and a weak, positive and
statistically non-significant correlation between WHR and
LDL (r=0.197); WHR and VLDL (r=0.227), while a
negative non-significant correlation for HDL (r= -0.231).
Kanwar et al. [64] found a weak, positive and statistically
non-significant correlation of WHR with TC (r=0.119),
LDL (r=0.163), VLDL (r=0.245) and positive significant
correlation was obtained for TG (r=0.251) and negative
significant correlation for HDL (r= -0.383). Koo et al. [65]

reported a weak, positive and significant correlation
between WHR and TG (r=0.18), while a weak, negative
and significant correlation between WHR and HDL (r= -
0.20). They also found a weak, negative and statistically
non-significant correlation between WHR and TC (r= -
0.05); WHR and LDL (r= -0.06).   Okafor et al. [42] found a
weak positive and statistically non-significant correlation
between WHR and TC (r=0.054); WHR and LDL
(r=0.046); WHR and HDL (r=0.049); WHR and TG
(r=0.130).  Seidell et al. [46] found a positive and
statistically significant correlation between WHR and TC
(r=0.32); WHR and LDL (r=0.21); WHR and TG (r=0.52),
while a significant inverse correlation between WHR and

HDL (r= -0.32). Himabindu et al. [61] reported statistically
non-significant negative correlation between WHR and
TC (r= -0.065); WHR and TG (r= -0.137); WHR and LDL
(r= -0.098); WHR and VLDL (r= -0.139), and no
correlation between WHR and HDL (r=0.000). Jayarama
et al. [66] reported that the WHR and lipid profiles were not
significantly correlated. In a study from North India
Sandhu et al. [67] reported positive correlations between
WHR, TC, LDL, and TG in the 41 to 50 year age group in
men. Discrepancies among the reported in the literature
diverse and divergent correlations between the
anthropometric parameters, the lipid profile values, and
the biomarker HbA1c are probably due to the lifestyle,
lifestyle and diet, and other specific factors in different
nations (ethnic group, geographical region etc.).
Methodological differences are also very important. The
multidisciplinary approach to T2 DM requires along with
anthropometric parameters, the lipid profile need also be
monitored. This study revealed that as BMI or WC
increases serum LDL, TC, and TG increases. These
findings were consistent with previous studies
[42,57,58,59,63,64]. The lipid abnormalities in overweight and
obesity is likely a consequence of insulin resistance [68].
The rapid development of overweight or obesity in T2 DM
patients will undoubtedly accelerate the prevalence of
dyslipidemia[68]. Obesity increases cardiovascular risk
through risk factors such as increased fasting plasma
triglycerides, high LDL-c, low HDL-c, elevated blood
glucose and insulin levels and high blood pressure. Nobel
lipid dependent, metabolic risk factors associated to
obesity are the presence of the small dense LDL
phenotype, postprandial hyperlipidemia with accumulation
of atherogenic remnants and hepatic overproduction of
apoB containing lipoproteins[69]. Risk factors associated
with dyslipidemia were aging, higher body size,
hypertension, diabetes, and smoking. Dyslipidemia
associated with obesity plays a major role in the
development of atherosclerosis and cardiovascular disease
in obese individuals. All of the components of the
dyslipidemia, including higher triglycerides, decreased
HDL levels and increased LDL particles have been shown
to be atherogenic. WC and WHR were significantly higher
in obese subjects compared to their non-obese counter
parts. Increased WC and WHR have long been recognized
to be associated with cardiovascular risk factors, and
individuals with abdominal fat often carry a physiologic
profile that places them at high risk of CVD [5]. This is
evident in this study as we observed a positive association
among abdominal obesity markers (WC and WHR) and
cardiovascular risk markers (TG and AIP).
Dyslipidemia is becoming an important public health
problem. Obesity can be used to screen for dyslipidemia
along with other coexisting risk factors such as
hypertension and diabetes. There is an urgent need to
institute more positive public health measures and
screening programs and to treat patients diagnosed with
dyslipidemia[68]. A systematic review suggests that a
weight reduction of 5% or 10% in obese patients has a
simultaneous improvement in the serum lipid profile [70]. A
study revealed that a moderate-fat weight-loss and weight-
maintenance diet improves the CVD risk profile on the
basis of favorable changes in lipids and lipoproteins. The
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moderate-fat diet elicited favorable changes in the
lipoprotein profile [71]. Both lipid profile and body fat have
been shown to be the important predictors for metabolic
disturbances including dyslipidemia, hypertension,
diabetes, cardiovascular disease, hyper-insulinaemia.
Association of lipid profiles is reported with lifestyle, age,
intra-abdominal adiposity, obesity and BMI [72]. There is
enough evidence in literature to support the beneficial
effect of lowering of serum lipids in retarding macro-
vascular disease. It is important to realize that
hyperlipidaemia and the resultant macro-vascular disease
can develop even in the ‘prediabetic phase’ of type 2 DM.
Hence, early detection and correction of dyslipidaemic
state is essential in the management of diabetic patients.
Patients with type 2 diabetes have increased risk of
cardiovascular disease associated with atherogenic
dyslipidemia and coronary artery disease, especially
myocardial infarction is the leading cause of morbidity
and mortality worldwide [73]. This signifies individuals
having diabetes associated obesity are more prone to
develop cardiovascular disease than obese non-diabetic
individuals. So in management of diabetes along with
blood sugar control, control of obesity and dyslipidemia
has to be included.
In the present study, the results revealed that multiple
anthropometric parameters are required to correlate lipid
profile rather than single parameter in type 2 diabetes
mellitus. Along with anthropometric measurements, lipid
profile is also need be monitored in type 2 diabetics. These
findings were in agreement with the studies of different
investigators [33,64,66,74].
Health care providers, therefore have an important role to

play in educating families and children about approaches
that are useful in preventing diabetes mellitus. Losing
weight and increasing physical activity is of great
importance in lowering the risk of developing type 2
diabetes mellitus. If a person already has type 2 diabetes,
losing weight and exercising, along with a healthy diet
helps to control blood sugar levels, may delay or even
prevent complications and also allow to reduce or even
eliminate person’s need for diabetes medication.
Atherogenic index of plasma (AIP), defined as log
(TG/HDL), has recently been proposed as a marker of
plasma atherogenicity and reflects the balance between
risk and protective lipoprotein forces - triglyceride refers
to atherogenic lipids while HDL refers to the protective
lipid [19,20,38]. It has been successfully used as an additional
index when assessing cardiovascular risk factors. This
parameter is easy to calculate every time a lipid profile is
asked for, so that the cardiovascular risk of the patient can
be assessed. Moreover, in situations where all atherogenic
parameter are normal, AIP may be the alternative
screening tool [75,76]. People with high AIP have a higher
risk of coronary heart disease than those with low AIP,
and vice versa. Identifying individuals at the highest risk
of comorbidities of obesity is essential in order to identify
those who might benefit most from management program
[77]. Our findings show that the participants were at high
risk of future cardiovascular events (Table 1). A
statistically significant positive correlation was obtained
between the respective anthropometric measure of BMI,
WC, WHR and AIP (Table 4). The relationship was

strongest between AIP and WC (r = 0.383; p = 0.0024)
and the least was between AIP and waist-hip-ratio (r =
0.226; p = 0042). This finding is consistent with the
observations reported by other researchers[7,76,78]. The
results of the present study revealed that multiple
anthropometric parameters are required to correlate lipid
profile and AIP rather than single parameter in type 2
diabetes mellitus. Along with anthropometric
measurements, lipid profile is also need be monitored in
type 2 diabetics.
A recent study has demonstrated significant differences in
anthropometric parameters and lipid profile patterns in
type 2 diabetics in three different ethnic groups living in
Malaysia [79]. Similar study were also conducted in
different countries [80,81,82,83]. These studies reveal that
anthropometric parameters and lipid profile patterns may
vary from one ethnic group to other, one geographical
region to other and among different races. So the results of
one study cannot be extrapolated to other studies and
generalized conclusions cannot be drawn for all
populations.
Obesity can be described as an imbalance between energy
intake and expenditure such that excess energy is stored in
fat cells, which enlarge or increase in number. As obesity
is often characterized by metabolic complications that
harm health, it has been suggested that it should be
considered as a disease. Obesity, and particularly visceral
obesity and the metabolic syndrome, actively promote
biochemical and neurohormonal processes that are, both
directly and indirectly, injurious to vascular health and
increase the risk of atherosclerotic cardiovascular disease
[84]. Along with the cardiovascular benefits, there are
significant metabolic changes that occur with weight loss
leading to a decrease in overall morbidity and mortality.
Lifestyle changes may lead to a 60% risk reduction in the
development of diabetes mellitus and up to a 37%
decrease in the prevalence of the metabolic syndrome [85].
Recently, it was claimed that inactivity could be the
primary criterion for early identification of those of at risk
of CVD. This risk can be decreased by physical activity
and balanced nutrition, which cannot be replaced by
medication. As part of physical activity aimed to prevent
or reduce atherogenic risk, it is recommended that
individuals engage in at least 30 min of regular physical
activity daily [86].
It is generally accepted that obesity is a health hazard
because of its association with numerous metabolic
complications such as dyslipidaeimia, type 2 diabetes, and
cardiovascular diseases. Obesity, and particularly visceral
obesity and the metabolic syndrome, actively promote
biochemical and neurohormonal processes that are, both
directly and indirectly, injurious to vascular health and
increase the risk of atherosclerotic cardiovascular disease.
Obviously, as our sedentary lifestyle combined with our
diet rich in saturated fats and trans fatty acids and in
refined sugars is “toxic” to our metabolism, any approach
aimed at the management of risk of coronary heart disease
in abdominally obese patients will require a multifaceted
approach (balanced nutrition with more vegetables and
fruits, fewer refined products rich in fat and sugar, more
physical activity) directed at the critical factors involved in
the aetiology of the patient’s condition. In a broader
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context of a comprehensive evaluation and treatment of
risk (and not of body weight), it is hoped that this
approach will help physicians to identify obese patients
that may require pharmacotherapy aimed at waist rather
than weight management.
Overwhelming evidence supports the importance of
obesity in the pathogenesis and progression of CV disease.
Obesity is an independent predictor of all-cause mortality
in men and women. The physical, medical, economic, and
social impact of the obesity epidemic is already
staggering, and it will dramatically affect future
generations. The multiple and ever increasing deleterious
effects of obesity create a self-perpetuating cycle of
clinical illness and disability that eventually confines its
victims to a non-productive life of existence only. These
are the end results of the natural history of this tragic
epidemic. Further research is needed in the areas of
obesity paradox, weight loss, lifestyle interventions,
exercise training, obesity surgery, and stress reduction,
and if the current obesity epidemic continues, we may
soon witness an unfortunate end to the steady increase in
life expectancy.
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