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Abstract
The metabolic syndrome (syndrome X, Insulin resistance syndrome) consists of a constellation of metabolic
abnormalities that confer increased risk of cardiovascular disease (CVD) and diabetes mellitus (DM). The rising
prevalence of overweight and obesity in India has a direct correlation with the increasing prevalence of obesityrelated co-morbidities, hypertension, the metabolic syndrome, dyslipidemia, type 2 diabetes mellitus (T2DM) and
cardiovascular disease (CVD). Small dense low density lipoprotein (sdLDL) also represents a marker for diagnosis
and severity of the metabolic syndrome. Additionally, it has been suggested that the sdLDL/LDL ratio correlates with
various parameters associated with MS rather than the LDL-C or sdLDL-C levels, thus possibly representing a more
useful clinical indicator. Total 72 symptomatic cases of either sex, age between 20-80 yrs were recruited, of which,
38 were with MS and 34 were with metabolic syndrome with type 2 DM (MSwT2DM). The lipids and lipoproteins,
including sdLDL by homogeneous assay, were determined in controls, MS and T2DM patients. In this study, the
mean value of total cholesterol was higher in MS (142.88 ± 7.15) and MSwT2DM (171.16 ± 11.36) compared to
normal subjects (109.41 ± 4.97) which was found statistically significant (p<0.001). The mean sdLDL level and
sdLDL/HDL ratio of three groups, there was significant difference in sdLDL level and sdLDL/HDL ratio among the
groups, there was different and higher mean sdLDL level in both case groups as compared to normal control group.
Furthermore, mean sdLDL level was also found significantly (p<0.001) different and higher in MSwT2DM as
compared to MS. It is concluded that LDL particle size such as sdLDL concentration has a positive correlation in
increase in MS and diabetes mellitus in comparison to normal subjects.

Keywords: Metabolic syndrome (MS); Type 2 diabetes mellitus
(T2DM); Cardiovascular disease (CVD); sdLDL

Introduction
The metabolic syndrome (syndrome X, Insulin resistance
syndrome) consists of a constellation of metabolic abnormalities that
confer increased risk of cardiovascular disease (CVD) and diabetes
mellitus (DM) [1,2]. The criteria for the metabolic syndrome have
evolved since the original definition by the World Health Organization
in 1998, reflecting growing clinical evidence and analysis by a variety
of consensus conferences and professional organizations [2]. The major
features of the metabolic syndrome include central obesity,
hypertriglyceridemia, low high-density lipoprotein (HDL) cholesterol,
hyperglycemia and hypertension.
The criteria for metabolic syndrome became uniform with the
establishment of National Cholesterol Education Programme: Adult
Treatment Panel III (NCEP: ATP III) and International Diabetes
Federation (IDF) guidelines [3,4]. The prevalence of metabolic
syndrome varies around the world. In general, the prevalence of
metabolic syndrome increases with the age. The highest recorded
prevalence worldwide is in Native Americans, with nearly 60% of
women ages 45-49 and 45% of men ages 45-49 meeting National
Cholesterol Education Program and Adult Treatment Panel III (NCEP:
ATP III) criteria [5]. Almost 30-65% of adult urban Indians are either
overweight or obese or have abdominal obesity [6]. The rising
prevalence of overweight and obesity in India has a direct correlation
with the increasing prevalence of obesity-related co-morbidities,
hypertension, the metabolic syndrome, dyslipidemia, type 2 diabetes
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mellitus and cardiovascular disease (CVD) [7,8]. The clinical relevance
of the metabolic syndrome is related to its role in the development of
cardiovascular disease.
Two recent prospective population-based studies confirmed that
the metabolic syndrome identified a high-risk group of persons who
would have been missed by only consideration of the conventional risk
factors [9,10]. The incidence of coronary disease along with carotid
atherosclerosis is higher in patients with metabolic syndrome along
with higher mortality from all such causes. Although for many obese
patients the risk of developing metabolic syndrome is quite evident,
but studies also show that the risk of having metabolic syndrome
increases steeply even within the overweight or the “pre obese” range
[11]. Thus, it is important to recognize the importance of metabolic
syndrome.
LDL varies in size, density and metabolic characteristics and
comprises at least four distinct subclasses (large LDL-I, medium LDLII, small LDL-III and very small LDL-IV). Although the association
between Insulin Resistance (IR) and increased LDL-C levels is not
typical, elevated sdLDL levels with lower large LDL concentrations are
associated with reduced insulin sensitivity and increased adiposity
[12-14]. Generally two phenotypes have been described: pattern A,
with a higher proportion of larger, more buoyant or medium-sized
LDL, and pattern B, with a predominance of sdLD [15]. In relation to
large buoyant LDL, sdLDL particles are taken up more easily by
arterial tissue, show lower affinity for the LDL receptor, have a longer
half-life in plasma and greater oxidative and glycation susceptibility,
suggesting a link between sdLDL particles and atherogenesis [16,17].
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In different metabolic diseases (e.g. polycystic ovarian syndrome,
growth hormone (GH) deficiency [18-20] and in women with
gestational diabetes [21] increased levels of sdLDL are also found.
sdLDL also represents a marker for diagnosis and severity of the
metabolic syndrome [22,23]. Additionally, it has been suggested that
the sdLDL-C/LDL-C ratio correlates with various parameters
associated with metabolic syndrome rather than the LDL-C or sdLDLC levels alone, thus possibly representing a more useful clinical
indicator [24].
The aim of this study was to correlate the lipid profile in metabolic
syndrome with special reference to sdLDL in a selected healthy Indian
population and compared with metabolic syndrome (MS) and
metabolic syndrome with type 2 Diabetes Mellitus (MSwT2DM)
patients.

Material and Methods
Study subjects
The study was carried out at Department of Medicine, Department
of Pathology, King Georg’s Medical University, Lucknow, India from
August 2015 – July 2016. A total of 92 subjects were selected with three
groups (Normal: n=20, MS: n=38, and MSwT2DM: n=34). Patients
written consent proforma was obtained and approved by institutional
ethical committee, King George’s Medical University, Lucknow, India.
Thyroid disease, nephrotic syndrome, chronic liver disease, drug
causing dyslipidemia was excluded from this study. IDF criteria
fulfilled subjects were used for study. Metabolic syndrome subjects
were diagnosed according to the IDF criteria, which was visceral
obesity (waist circumference ≥ 94 cm in men, ≥ 80 cm in women) plus
two or more following components: (a) Fasting triglycerides ≥
150mg/dL. (b) Systolic blood pressure ≧ 130 mm Hg and/or diastolic
blood pressure ≧ 85 mm Hg and (c) a fasting plasma glucose ≧ 110
mg/dl or the prescribed use of an antidiabetic agent.

Laboratory measurements
Serum total cholesterol, High Density Lipoprotein Cholesterol
(HDL-C), Triglyceride (TG) and Low Density Lipoprotein Cholesterol
(LDL-C) was estimated by using ELITech Clinical Systems kit using
fully automated analyser (Selectra XL) with proper control and
calibrators by using Enzymatic-colorimetric, Trinder end point
method.
Glucose
was
measured
with
an
Enzymaticcolorimetric,Trinder-kinetic methods. The sLDL-EX "SEIKEN" test kit
was used for the quantitative determination of sdLDL-C by using
automated chemistry analyzers capable of accommodating two-reagent
assays.

Statistical analysis
Statistical analyses were conducted with the Microsoft Office Excel
2007, SPSS (Statistical Package for Social Sciences) Version 15.0. All
values are expressed as the median. Linear relations between TG, LDL,
HDL, sdLDL and large LDL were evaluated by linear regression models
and Spearman's correlation coefficients in all of the subjects
participating in this study.

Results

either sex, age between 20-80 yrs were recruited, of which, 38 were
with MS and 34 were with MSwT2DM. Total 20, age and sex matched
normal healthy subjects were also recruited as “Normal” control group.
Thus, study comprised of total 92 subjects with three groups (Normal:
n=20, MS: n=38, and MSwT2DM: n=34).
The basic characteristics (age, sex, religion, occupation, residence,
smoking and alcohol) of the three groups at enrollment are
summarized in Table 1. The age of Normal, MS and MSwT2DM
ranged from 29-67 yrs, 32-80 yrs and 20-80 yrs respectively with mean
(± SD) 51.25 ± 2.45 yrs, 53.76 ± 2.02 yrs and 52.21 ± 2.20 yrs
respectively and median 51 yrs, 52 yrs and 50 yrs respectively. The
mean age of MS group was slightly higher than other groups.
Comparing the mean age of three groups, ANOVA showed similar age
among the groups (F=0.31, p=0.737) i.e. there was no significant
difference among the groups. Further, there were 10 (50.0%) females
and 10 (50.0%) males in Normal group while it was 20 (52.6%) and 18
(47.4%) respectively in MS group and 16 (47.1%) and 18 (52.9%)
respectively in MSwT2DM group. Comparing the sex proportions
(M/F) of three groups, χ2 test showed similar sex proportions among
the groups (χ2=0.22, p=0.895) i.e. there was no significant difference
among the groups. In other words, subjects of three groups were age
and sex matched and thus comparable and may also not influence the
outcome measures. Moreover, there was no difference of religion,
occupation and residence among the groups i.e. they were found to be
statistically nonsignificant. However, smoking and alcohol frequency
were different significantly (p<0.05 or p<0.01) higher in cases (MS and
MSwT2DM) as compared to Normal control group, may be because of
risk factors of MS.
The anthropometric measurements of the three groups were
summarized in Table 2. Comparing the mean anthropometric
measurements of the three groups, ANOVA showed significantly
(p<0.01 or p<0.001) different mean measurements among the groups
(Table 2). Further, Tukey test showed that the mean height in both the
case groups (MS and MSwT2DM) was significantly (p<0.05 or p<0.01)
lower as compared to normal control group but it did not differ
between the cases (MS and MSwT2DM). In contrast, mean weight,
BMI, WC, HC and WHR was significantly higher (p<0.001) in both
the case groups as compared to normal group but was not different
(p>0.05) between the cases i.e. found to be statistically non-significant.
The fasting lipid profile (TC, TG, VLDL, LDL, HDL, non HDL-C,
non HDL-C/HDL, LDL/HDL and TC/HDL) levels of three groups
were comparing in Table 3. ANOVA showed significantly (p<0.05 or
p<0.001) different lipid profile levels among the groups. Further, Tukey
test showed significantly (p<0.05 or p<0.001) higher lipid profile levels
in both the case groups as compared to normal control group except
VLDL and LDL.
The mean sdLDL level and sdLD/HDL ratio of three groups,
ANOVA showed significant (p<0.001) difference in sdLDL level and
sdLD/HDL ratio among the groups (Table 4). Further, Tueky test
showed significantly (p<0.001) higher mean sdLDL level in both case
groups as compared to normal control group. Furthermore, mean
sdLDL level was also found significantly (p<0.001) different and higher
in MSwT2DM as compared to MS. In contrast, mean sdLD/HDL ratio
was found higher in both case groups as compared to Normal control
group.

The present study determines association of sdLDL with lipid profile
in patients with metabolic syndrome. Total 72 symptomatic cases of
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Variables

Normal (n=20) (%)

MS (n=38) (%)

MSwT2DM (n=34) (%)

F/χ2 value

P value

Age (yrs)

51.25 ± 2.45

53.76 ± 2.02

52.21 ± 2.20

0.31

0.737

Female

10 (50.0)

20 (52.6)

16 (47.1)

0.22

0.895

Male

10 (50.0)

18 (47.4)

18 (52.9)

Hindu

18 (90.0)

31 (81.6)

30 (88.2)

1.02

0.602

Muslim

2 (10.0)

7 (18.4)

4 (11.8)

Farmer

2 (10.0)

4 (10.5)

4 (11.8)

1.99

0.921

Housewife

10 (50.0)

19 (50.0)

15 (44.1)

Job

6 (30.0)

13 (34.2)

10 (29.4)

No job

2 (10.0)

2 (5.3)

5 (14.7)

Rural

8 (40.0)

17 (44.7)

13 (38.2)

0.33

0.848

Urban

12 (60.0)

21 (55.3)

21 (61.8)

No

14 (70.0)

9 (23.7)

9 (26.5)

14.03

0.001

Yes

6 (30.0)

29 (76.3)

25 (73.5)

No

17 (85.0)

24 (63.2)

16 (47.1)

7.73

0.021

Yes

3 (15.0)

14 (36.8)

18 (52.9)

Sex

Religion

Occupation

Residence

Smoking

Alcohol

MS indicates Metabolic Syndrome; MSwT2DM, Metabolic Syndrome with Type 2 Diabetes Mellitus. χ2-Chi-Square Test, Statistical significant p<0.05

Table 1: Clinical characteristics for patients of metabolic syndrome (MS), metabolic syndrome with type II diabetes mellitus (MSwT2DM) and
healthy control (Mean ± SD).
Variables

Normal (n=20)

MS (n=38)

MSwT2DM (n=34)

Fa

Pb

Height (cm)

162.40 ± 0.80

158.55 ± 0.91

158.29 ± 0.73

5.52

0.006

Weight (kg)

60.35 ± 1.20

82.13 ± 1.13

80.35 ± 0.93

93.37

<0.001

BMI (kg/m2)

22.89 ± 0.27

32.75 ± 0.36

32.12 ± 0.31

205.06

<0.001

WC (cm)

77.80 ± 1.05

105.32 ± 1.18

102.65 ± 1.19

123.09

<0.001

HC (cm)

93.30 ± 1.17

110.95 ± 1.08

108.68 ± 1.24

55.1

<0.001

WHR

0.84 ± 0.011

0.95 ± 0.005

0.94 ± 0.004

100.97

<0.001

Normal, Healthy control; MS, Metabolic Syndrome; MSwT2DM, Metabolic Syndrome with Type 2 Diabetes Mellitus. WC, Waist Circumference; HC, Hip Circumference;
WHR, Waist Hip Ratio.
aANOVA test; bsignificance p<0.05, p<0.01

Table 2: Anthropometric measurements for patients of metabolic syndrome (MS), metabolic syndrome with type II diabetes mellitus
(MSwT2DM) and healthy control (Mean ± SD).
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Variables

Normal (n=20)

MS (n=38)

MSwT2DM (n=34)

Fa value

Pb Value

TC (mg/dL)

109.41 ± 4.97

142.88 ± 7.15

171.16 ± 11.36

9.59

<0.001

TG (mg/dL)

104.17 ± 7.24

176.56 ± 10.12

193.18 ± 11.41

15.18

<0.001

VLDL (mg/dL)

20.83 ± 1.45

35.31 ± 2.02

38.64 ± 2.28

4.48

0.014

LDL (mg/dL)

56.55 ± 4.17

72.53 ± 5.68

86.70 ± 7.70

4.37

0.015

HDL (mg/dL)

51.73 ± 1.00

29.31 ± 2.49

33.97 ± 3.17

14.86

<0.001

Non HDL-C (mg/dL)

57.69 ± 4.40

113.57 ± 6.07

137.19 ± 11.56

17.11

<0.001

Non HDL-C/HDL

1.11 ± 0.08

4.61 ± 0.39

5.27 ± 0.76

12.11

<0.001

LDL/HDL

1.09 ± 0.08

2.81 ± 0.25

3.04 ± 0.31

12.03

<0.001

TC/HDL

2.11 ± 0.08

5.61 ± 0.39

6.27 ± 0.76

12.11

<0.001

Normal, Healthy control; MS, Metabolic Syndrome; MSwT2DM, Metabolic Syndrome with Type 2 Diabetes Mellitus.
aANOVA test; bsignificance p< 0.05, p<0.01

Table 3: Lipid profile for patients of metabolic syndrome (MS), metabolic syndrome with type II diabetes mellitus (MSwT2DM) and healthy
control (Mean ± SD).

Variables

Normal
(n=20)

MS (n=38)

sdLDL (mg/dL) 20.10 ± 1.45

34.06
1.36

sdLDL/HDL

1.43 ± 0.13

0.39 ± 0.03

MSwT2DM
(n=34)

Fa

Pb Value

42.51 ± 0.93

64.31

<0.001

1.56 ± 0.13

20.46

<0.001

±

Normal, Healthy control; MS, Metabolic Syndrome; MSwT2DM, Metabolic
Syndrome with Type 2 Diabetes Mellitus.
aANOVA test; bsignificance p< 0.05, p<0.01

Table 4: sdLDL level for patients of metabolic syndrome (MS),
metabolic syndrome with type II diabetes mellitus (MSwT2DM) and
healthy control (Mean ± SD).
To find out that the sdLDL may be associated to the disease (MS
and MSwT2DM), the Pearson correlation analysis was done between
sdLDL and confounding risk variables i.e. demographic,
anthropometric measurements, blood pressure, FBG, hematological
parameters and lipid profile. The Pearson correlation analysis showed a
significant and positive (direct) correlation of sdLDL with weight
ROC
Normal vs.

Cut off
(mg/dL)

MS

(r=0.61, p<0.001), BMI (r=0.60, p<0.001), WC (r=0.54, p<0.001), HC
(r=0.46, p<0.001), WHR (r=0.53, p<0.001), SBP (r=0.36, p<0.001),
DBP (r=0.39, p<0.001), FBG (r=0.51, p<0.001), TLC (r=0.26, p<0.05),
TC (r=0.25, p<0.05), TG (r=0.34, p<0.001), VLDL (r=0.34, p<0.001),
LDL (r=0.25, p<0.05), non HDL-C (r=0.32, p<0.01), non HDL-C/HDL
(r=0.25, p<0.05), LDL/HDL (r=0.33, p<0.01), TC/HDL (r=0.25,
p<0.05) and sdLDL/HDL (r=0.58, p<0.001). In contrast, sdLDL
showed a significant and negative (inverse) correlation with fasting
platelet count (PC) (r=-0.54, p<0.001), HDL (r=-0.24, p<0.05)
indicating that as these decreases, sdLDL may increases or vice-aversa. However, sdLDL did not (p>0.05) correlate well with age, sex,
height and Hb suggesting that these may not be associated to sdLDL.
sdLDL showed significant diagnostic accuracy (AUC=0.960,
p<0.001) when evaluated between normal and total cases/disease (MS
+ MswT2DM) as at cut off value of >28 mg/dL, discriminating the
subjects of two groups with high 81.94% sensitivity (95%
CI=71.1-90.0) and highest 100% specificity (95% CI=83.0-100.0) and
with 100% positive predictive value but low 60.6% negative predictive
value (Table 5 and Figure 1).

value
AUC

p value

Sensitivity (95% CI)

Specificity (95% CI)

+PV

-PV

>24.0

0.924

<0.001

94.74 (82.2-99.2)

75.00 (50.9-91.2)

87.8

88.2

MSwT2DM

>28.0

1

<0.001

100.00 (89.6-100.0)

100.00 (83.0-100.0)

100

100

Total

>28.0

0.96

<0.001

81.94 (71.1-90.0)

100.00 (83.0-00.0)

100

60.6

ROC, receiver operating characteristic; AUC, area under cure; CI, confidence interval; +PV, positive predictive value; -PV, negative predictive value.
MS, Metabolic Syndrome; MSwT2DM, Metabolic Syndrome with Type 2 Diabetes Mellitus.

Table 5: Diagnostic accuracy of sdLDL to discriminate normal and cases.
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Figure 1: ROC curves and corresponding AUCs of sdLDL to discriminate (A), healthy control and MS cases; (B), healthy control and
MSwT2DM cases; (C), healthy control and both (MS+ MSwT2DM) cases. Abbreviations: AUC: area under the curve; CI: confidence interval;
ROC: receiver operating characteristic.

Discussion
The study highlights the following findings 1) mean lipid profile was
significantly high in MS as compare to normal subject, except VLDL
and LDL which was raised but not statistically significant. 2) The MS
components significantly related to high sdLDL level and could be a
valuable marker for diagnosis and severities of the MS. Asian Indians
are at high risk population with respect to diabetes and cardiovascular
diseases and the numbers are consistently on rise. Metabolic syndrome
is a cluster of cardiometabolic risk factors like obesity, hypertension,
hyperglycemia, hypertriglyceridemia and low HDL [10]. The present
study was an observational cross-sectional study where various risk
factors were assessed with metabolic syndrome, type-2 diabetes
mellitus and its components i.e. age, sex, occupation, place of
residence, anthropometric measurements, blood pressure, addiction
habits, fasting lipid profile, fasting blood glucose, small dense LDL
(sdLDL), hematological parameters (Hb, TLC, Platelet count ). The
study was conducted after screening subjects on the basis of IDF
criteria for diagnosis of MS. A total 92 subjects with three groups
(Normal: n=20, MS: n=38, and MSwT2DM: n=34) were selected for
this study. In our study, we examined the fasting lipid profiles (TC, TG,
VLDL, LDL, HDL, non HDL-C, non HDL-C/HDL, LDL/HDL and TC/
HDL) which were associated with metabolic syndrome and its
components. Fasting lipid profile of three groups showed significantly
(P<0.001) different mean fasting triglycerides and fasting high-density
lipoprotein among the groups. Kawamoto et al. [25] showed that low
levels of high-density lipoprotein cholesterol (HDL-C) and higher
levels of triglycerides (TG) had strong association with metabolic
syndrome, which is supporting our study. We detected a strong
association between sdLDL score and metabolic syndrome. On
comparing results of small dense LDL in metabolic syndrome in
Indian population, our findings were also supported by study done by
Kulkarni et al. [26,27]. The objective of their study was to examine
whether the prevalence of smaller and denser LDL particles is
increased in Asian Indians. They found that prevalence of small dense
LDL type (subjects with major LDL subclass 5 or 6) was significantly
higher in Asian Indians compared with white subjects (44% versus
21%; P<0.05). However, small dense LDL did not (p>0.05) correlate
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well with age, sex, height and Hb suggesting that these may not be
associated with small dense LDL. There are some limitations for this
study. Because of the crosssectional composition of the study, no
factors/effect relationships can be made. Lifestyle factors like physical
inactivity and their effect on occurrence of MS were not assessed.
However, ours finding was significantly associated with MS.
In conclusion, sdLDL particles could be a valuable marker for
diagnosis and severity of the MS. On the basis of our combined results
it is concluded that LDL particle size such as sdLDL concentration has
a positive correlation increase in metabolic syndrome, metabolic
syndrome with diabetes mellitus in comparison to normal subjects.
Thus, increased level of sdLDL as a single marker is highly predictive
in metabolic syndrome and metabolic syndrome with diabetes
mellitus.
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