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Purpose: To establish the lipid pattern in subjects with diabetes mellitus (DM) and factors

that are correlated with insulin resistance and lipid disorders in a population of Bali.

Methods: A cross-sectional population-based study which enrolled 1840 subjects (age

13–100 years) from 7 villages was carried out. Several clinical parameters were measured

including age, gender, body mass index, waist circumference (WC), fasting blood glucose,

total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C),

low-density lipoprotein cholesterol (LDL-C), apolipoprotein (apo) A (apoA), apoB, non-

HDL-C, T/HDL-C ratio, LDL-C/apoB ratio, apoB/A ratio, plasma insulin, and homeostasis

of model assessment-insulin resistance (HOMA-IR).

Results: TC, TG, and non-HDL-C levels were higher in DM subjects than in normal glucose

tolerance (NGT) subjects in both genders; total/HDL-C ratio was higher in subjects with DM

than in NGT subjects only in men; LDL-C levels, apoB levels, and apoB/A ratios were

higher and LDL/apoB was lower in subjects with DM than in NGT in women. In subjects

with DM, the target for LDL-C (79%), non-HDL-C (85.2%), apoB (80%), HDL-C (34.9%),

TG (46.7%), and small-dense low density lipoprotein (42.2%) was not achieved.

Conclusion: FBG was correlated with TC, TG, LDL-C, apoB, non-HDL-C levels, LDL/apoB,

and apoB/apoA ratios. Subjects with DM had higher levels of TC, TG, and non-HDL-C levels in

both genders; T/HDL-C ratio only in men; LDL-C, apoB/apoA ratio and lower LDL/apoB ratio

only in women. Obesity was correlated with lipid levels. WC was correlated with LDL/apoB

ratio, insulin level, HOMA-IR, and TG; highest absolute strength of correlation was with LDL/

apoB ratio. Insulin resistance was correlated with lipid levels or ratios, especially in women. In

women, HOMA-IR had a positive correlation with total/HDL-C ratio, non-HDL-C, apoB, and a

negative correlation with HDL-C levels.
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Introduction
Prevalence of diabetes mellitus (DM) is still increasing globally. Based on IDF Diabetes

Atlas 2017, the prevalence of DMwas 327million among those aged 20–64 years and 98

million among those aged 65–79 years in 2017 and is estimated to be 438 million among

those aged 20–64 years and 191 million among those aged 65–79 years in 2045.1

Diabetes is one of several traditional and main risk factors for atherosclerotic cardiovas-

cular disease (ASCVD). The risk ofASCVD inDM is aggravated by common conditions

coexisting with DM, especially type 2 DM (T2DM), eg, hypertension and dyslipidemia.2

A cross-sectional study in a representative sample of 5375 residents of Chongqing, aged

≥18 years, which estimated the prevalence of dyslipidemia and its associated risk factors

was conducted by Qi et al.3 In the study, based on the National Cholesterol Education
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Program-Adult Treatment Panel III criteria, the prevalence of

dyslipidemia was 35.5%. Among the 2009 patients with dys-

lipidemia, 44.2% had isolated hypertriglyceridemia, 14.7%

had isolated hypercholesterolemia, 13.2% had mixed hyperli-

pidemia, and 28.0% had isolated low high-density lipoprotein

cholesterol (HDL-C). Multivariable logistic regression analy-

sis revealed that dyslipidemia was associated with age, educa-

tion level, physical activity, obesity, and central obesity for

both men and women.

The link between DM and ASCVD is, however, not

completely understood. Hyperglycemia or glycemic con-

trol in DM is generally associated with development and

poor outcome of ASCVD. Metabolic abnormalities such as

disorders of production and clearance of plasma lipopro-

tein commonly accompany DM. Insulin resistance may be

the important surrogate factor of how diabetes and obesity

are related to dyslipidemia. The characteristic pattern of

diabetic dyslipidemia is low HDL-C, increased triglycer-

ides (TG), increased numbers of small-dense low-density

lipoprotein (sdLDL), and postprandial lipemia. Lipid pat-

tern in DM and the mechanisms of dyslipidemia in DM

and their effects on ASCVD have been well-reviewed in

several review articles.4–7

A report on prevalence, treatment and control of dysli-

pidemia among United States adults with DM, within the

cross-sectional National Health and Nutrition Examination

Survey 1999–2000, showed that less than one-third of men

and only one-fifth of women with DM have controlled

low-density lipoprotein cholesterol (LDL-C) (defined as

<100 mg/dL); over half of men and over two-thirds of

women have low levels of HDL-C (≤40 mg/dL in men or

≤50 mg/dL in women), and over half have elevated levels

of TG (≥150 mg/dL). Low HDL-C was more common in

Caucasians (70.1%) than in Hispanics (58.8%) or African-

Americans (41.5%); 28.2% of subjects with diabetes were

on lipid-lowering treatment.8

Epidemiological data on dyslipidemia in DM in

Indonesia are limited and almost all subjects are scattered.

The purpose of this study was to establish the lipid pattern

in subjects with DM and factors that are correlated with

insulin resistance and lipid disorders in a population of

Bali. The result is expected to be a resource for planning

prevention of ASCVD in the future in Indonesia, which

has huge absolute numbers of people with DM.

Methodology
A cross-sectional survey study on dyslipidemia in DM

among a population across Bali Island was carried out.

A representative stratified proportionate random sample

of 1840 subjects (aged 13–100 years) was enrolled from

7 villages which represented a population with different

geographic characteristics (Sangsit, seashore area, 471

subjects; Pedawa, mountainous area, native Balinese,

294 subjects; Ubud, lowland and tourist area, 301 sub-

jects; Tenganan, upland area, native Balinese, 81 sub-

jects; Ceningan, offshore island, 305 subjects; Legian,

coastal and tourist area, 288 subjects; and Pengelipuran,

upland area, 100 subjects). The villages were chosen

using proportionate stratified sampling. The sample

size in each village depended on the size of the village

population. The target sample was between 100–500

from each village according to the size of the popula-

tion. We used the cut-off age of 13 years in this study

because the policy in Indonesia states that age cut-off

for patients in internal medicine was above 12 years old.

All participants provided written informed consent, and

a parent or legal guardian provided written informed

consent for participants under the age of 18 years, in

accordance with the Declaration of Helsinki.

Several clinical parameters were measured included age,

gender, body mass index (BMI), and waist circumference

(WC). Biochemical parameters included fasting blood glu-

cose (FBG), total cholesterol (TC), TG, HDL-C, LDL-C,

apolipoprotein (apo) A (apoA), apoB, non-HDL-C

(TC minus HDL-C), T/HDL-C ratio, LDL-C/apoB ratio,

apoB/A ratio, plasma insulin, and homeostasis model

assessment of insulin resistance (HOMA-IR). Plasma

apoA and apoB levels were measured only in 591 subjects,

and plasma insulin and HOMA-IR were measured in only

322 subjects.

Classification of impaired fasting glycemia (IFG) and

DM was based on the American Diabetes Association

(2018),9 ie, IFG if FBG levels were ≥100 mg/dL and

<126 mg/dL; and DM if FBG level was ≥126 mg/dL.

Normal glucose tolerance (NGT) was defined as the level

of blood glucose 2 hours after oral glucose tolerance test

lower than 140 mg/dL. Non-HDL-C was determined by

TC minus HDL-C. Based on lipid levels target of therapy

in subjects with DM, several lipid parameters were cate-

gorized as uncontrolled or out of target if LDL-C was

≥100 mg/dL, non-HDL cholesterol ≥130 mg/dL, apoB

≥90 mg/dL, HDL-C ≤40 mg/dL in men and ≤50 mg/dL

in women, and TG ≥150 mg/dL.9,10 sdLDL was defined as

LDL-C/apoB ratio <1.2. HOMA-IR was calculated by

formula: (fasting insulin [mU/mL] x FBG [mg/dL])/405.
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The data of this study were expressed descriptively.

The correlations between clinical parameters were ana-

lyzed by Pearson’s correlation coefficient; ANOVA with

Fisher’s least significant difference post hoc test was

used to compare means of various biochemical or clin-

ical parameter measures across three groups (NGT, IFG,

and DM). Chi-squared test for association or indepen-

dence was used for the comparison between the level of

LDL-C, apoB, HDL-C, TG, and sdLDL among NGT,

IFG, and DM group. In all statistical analyses, values of

p<0.05 were considered to indicate significant statistical

analysis.

The study was approved by Ethical Committee

Faculty of Medicine Udayana University and Sanglah

Hospital (Ethical Certification No. 211/Skrt/V/2008).

Results
The characteristics of subjects by gender were shown in

Table 1. The correlation between obesity (measured by

BMI and WC) and lipid pattern, insulin and HOMA-IR

was shown in Table 2. In general, BMI and WC had a

significant correlation with lipid levels and ratios except

BMI with total/HDL-C ratio, insulin and HOMA-IR and

WC with LDL-C. WC, but not BMI, had a correlation with

insulin and HOMA-IR (r=0.360, p<0.001; and r=0.355,

p<0.001; respectively). HOMA-IR only had a correlation

with HDL-C level (r=−0.304, p<0.001) in men, whereas in

women, HOMA-IR had a correlation with TG level

(r=0.268, p=0.001), HDL-C level (r=−0.285, p<0.001),

apoB (r=0.292, p=0.017), non-HDL-C (r=0.307,

p=0.011), total/HDL-C ratio (r=0.386, p=0.001), and

apoB/A ratio (r=0.271, p=0.026) (Table 3). The associa-

tion between FBG and lipid levels by gender was shown in

Table 4. FBG had a very weak correlation with TC, TG,

and non-HDL-C levels in men (r=0.085, p=0.010; r=0.134,

p<0.001; r=0.072, p=0.030; respectively). In women, FBG

was significantly correlated with more lipid parameters

compared to men, ie, with TC (r=0.241, p<0.001), TG

(r=0.337, p<0.001), LDL-C (r=0.147, p=0.002), apoB

(r=0.299; p<0.001), non-HDL-C (r=0.258, p<0.001),

LDL/apoB ratio (r=−0.200, p=0.001), and apoB/A ratio

(r=0.232, p<0.001). FBG with TG and HOMA-IR had

the two highest levels of correlation, especially in

women, compared to other lipid levels and ratios, but

values of correlation coefficient r actually implied a

weak relationship between FBG and TG and a

moderate relationship between FBG and HOMA-IR

(Table 4). The difference in lipid levels and ratios by

glucose tolerance were shown in Table 5. In men, TC

(201.08 vs 185.15 mg/dL, p=0.003), TG (162.41 vs

128.27 mg/dL, p=0.002), and non-HDL-C (154.83 vs

139.33 mg/dL, p=0.003) levels were significantly higher

in subjects with DM compared to subjects with NGT. In

women, TC (217.97 vs 186.01 mg/dL, p<0.001), TG

(173.22 vs 98.03 mg/dL, p<0.001), LDL-C (138.36 vs

118.35 mg/dL, p=0.002), apoB (121.17 vs 87.15 mg/dL,

Table 1 Characteristics of the study population by glucose tolerance (n=1840)

Parameters Group (mean ± SD)

NGT IFG DM

Age (years) 42.65±14.07 48.43±14.36 52.51±12.89

BMI (kg/m2) 22.76±4.23 22.82±4.51 23.29±4.16

Waist circumference (cm) 81.33±11.95 79.85±12.61 85.19±11.87

Fasting blood glucose (mg/dL) 85.458±7.8458 107.93±7.15 188.06±66.04

Total cholesterol 185.56±37.70 192.80±39.55 208.97±47.63

Triglycerides (mg/dL) 113.75±66.41 138.74±89.46 167.46±101.97

HDL cholesterol (mg/dL) 49.79±14.48 49.96±14.53 48.15±13.91

LDL cholesterol (mg/dL) 120.06±30.65 126.09±31.06 133.42±41.87

ApoA (mg/dL) 135.19±22.58 132.51±21.87 139.69±21.80

ApoB (mg/dL) 92.92±24.48 98.96±20.35 111.24±26.10

Non-HDL cholesterol (mg/dL) 136.27±36.38 143.18±38.49 160.77±44.33

TC/HDL ratio 4.41±4.63 4.20±2.08 5.60±7.23

LDL/apoB ratio 1.31±0.18 1.32±0.23 1.21±0.28

ApoB/A ratio 0.70±0.19 0.77±0.22 0.81±0.19

Insulin 4.75±3.82 7.28±7.17 6.73±5.32

HOMA-IR 4.75±3.83 1.95±1.98 3.35±2.48

Dovepress Suastika et al

International Journal of General Medicine 2019:12 submit your manuscript | www.dovepress.com

DovePress
315

http://www.dovepress.com
http://www.dovepress.com


T
ab

le
2
M
e
an

lip
id

p
ro
fi
le

b
y
ge
n
d
e
r
an
d
gl
u
co
se

to
le
ra
n
ce

in
th
e
st
u
d
y
p
o
p
u
la
ti
o
n
(n
=
1
8
4
0
)

P
ar
am

et
er
s

M
en

W
o
m
en

N
G
T
c

IF
G

2
D
M

e
p
a

p
b

N
G
T
c

IF
G

d
D
M

e
p
a

p
b

T
o
ta
l
ch
o
le
st
e
ro
l

1
8
5
.1
5
±
3
8
.9
6

1
8
6
.9
2
±
3
8
.4
5

2
0
1
.0
8
±
4
2
.5
9

0
.0
1
4

0
.6
4
0
c
,d
;
0
.0
0
3
*c
-e
;

0
.0
2
4
d
,e

1
8
6
.0
1
±
3
6
.2
9

2
0
0
.4
4
±
3
9
.8
3

2
1
7
.9
7
±
5
1
.7
8

<
0
.0
0
1

<
0
.0
0
1
*c
,d
;
<
0
.0
0
1
*c
–
e
;

0
.0
0
8
*d

-e

T
ri
gl
yc
e
ri
d
e
s

1
2
8
.2
7
±
7
3
.6
0

1
4
9
.2
2
±
9
8
.2
0

1
6
2
.4
1
±
9
4
.9
5

<
0
.0
0
1

0
.0
0
5
c
,d
;
0
.0
0
2
*c

–
e
;

0
.2
3
9
d
-e

9
8
.0
3
±
5
3
.4
4

1
2
5
.0
3
±
7
4
.8
0

1
7
3
.2
2
±
1
1
0
.1
5

<
0
.0
0
1

<
0
.0
0
1
*c
,d
;
<
0
.0
0
1
*c
–
e
;

<
0
.0
0
1
*d

,e

H
D
L
ch
o
le
st
e
ro
l

4
6
.1
6
±
1
2
.4
6

4
7
.2
2
±
1
0
.7
2

4
6
.3
2
±
1
2
.2
7

0
.6
5
3

0
.3
5
8
c
,d
;
0
.9
8
8
c
–
e
;

0
.5
9
6
d
-e

5
3
.7
0
±
1
5
.4
6

5
3
.5
4
±
1
7
.7
8

5
0
.4
2
±
1
4
.3
1

0
.3
6
9

0
.9
2
4
c
,d
;
0
.1
5
8
c
–
e
;
0
.2
5
2
d
,e

L
D
L
ch
o
le
st
e
ro
l

1
2
1
.4
4
±
3
1
.3
6

1
2
1
.8
9
±
2
6
.1
7

1
3
0
.0
0
±
4
3
.0
1

0
.2
9
7

0
.9
1
5
c
,d
;
0
.1
1
9
c
–
e
;

0
.2
2
0
d
-e

1
1
8
.3
5
±
2
9
.6
8

1
3
1
.9
3
±
3
6
.2
9

1
3
8
.3
6
±
4
0
.5
1

<
0
.0
0
1

0
.0
0
6
*c
,d
;
0
.0
0
2
*c

–
e
;

0
.4
0
6
d
-e

A
p
o
A

1
3
1
.4
7
±
2
1
.6
4

1
2
8
.9
7
±
2
3
.5
1

1
3
5
.3
2
±
2
1
.8
2

0
.5
0
4

0
.5
0
7
c
,d
;
0
.3
7
7
c
–
e
;

0
.2
4
3
d
-e

1
3
9
.7
2
±
2
2
.9
2

1
3
6
.1
3
±
1
9
.6
9

1
4
6
.8
8
±
2
0
.3
6

0
.2
5
8

0
.3
6
2
c
,d
;
0
.2
0
5
c
–
e
;
0
.2
4
3
d
,e

A
p
o
B

9
7
.6
4
±
2
5
.0
2

9
8
.0
5
±
2
0
.1
5

1
0
5
.2
1
±
2
1
.1
2

0
.2
9
1

0
.9
2
2
c
,d
;
0
.1
1
7
c
–
e
;

0
.2
3
3
d
,e

8
7
.1
5
±
2
2
.5
3

9
9
.8
9
±
2
0
.7
8

1
2
1
.1
7
±
3
0
.8
5

<
0
.0
0
1

0
.0
0
2
*c
,d
;
<
0
.0
0
1
*c
–
e
;

0
.0
0
2
*d

,e

N
o
n
-H

D
L
ch
o
le
st
e
ro
l

1
3
9
.3
3
±
3
7
.5
4

1
4
0
.0
7
±
3
8
.1
4

1
5
4
.8
3
±
3
9
.1
0

0
.0
1
3

0
.8
3
8
c
,d
;
0
.0
0
3
c
–
e
;

0
.0
1
5
d
-e

1
3
2
.9
1
±
3
4
.7
8

1
4
7
.2
1
±
3
8
.7
5

1
6
7
.5
5
±
4
9
.1
7

<
0
.0
0
1

<
0
.0
0
1
*c
,d
;
<
0
.0
0
1
*c
–
e
;

0
.0
0
1
*d

,e

T
o
ta
l/
H
D
L
ch
o
le
st
e
ro
l

ra
ti
o

4
.6
1
±
4
.6
4

4
.1
5
±
1
.2
3

6
.0
8
±
9
.1
9

0
.0
4
0

0
.3
1
6
c
,d
;
0
.0
2
7
*c

–
e
;

0
.0
1
2
*d

–
e

4
.1
9
±
4
.6
0

4
.2
6
±
2
.8
2

5
.0
5
±
3
.9
7

0
.4
1
3

0
.8
7
1
c
,d
;
0
.1
8
4
c
–
e
;
0
.3
0
7
d
,e

L
D
L
/a
p
o
B
ra
ti
o

1
.2
7
±
0
.1
9

1
.2
6
±
0
.1
9

1
.2
0
±
0
.3
2

0
.2
8
3

0
.8
6
2
c
,d
;
0
.1
1
2
c
–
e
;

0
.2
4
7
d
–
e

1
.3
7
±
0
.1
5

1
.3
7
±
0
.2
4

1
.2
3
±
0
.1
5

0
.0
0
7

0
.8
5
5
c
,d
;0
.0
0
2
*c
–
e
;0
.0
0
5
*d

,e

A
p
o
B
/A

ra
ti
o

0
.7
5
±
0
.1
9

0
.7
9
±
0
.2
5

0
.7
8
±
0
.1
6

0
.3
6
6

0
.2
3
2
c
,d
;
0
.3
7
3
c
–
e
;

0
.9
0
9
d
,e

0
.6
3
±
0
.1
8

0
.7
4
±
0
.1
8

0
.8
4
±
0
.2
6

<
0
.0
0
1

0
.0
0
1
*c
,d
;
<
0
.0
0
1
*c
–
e
;

0
.0
7
9
d
,e

N
o
te
s:

a
p-
va
lu
e
o
f
A
N
O
V
A
;
b
p-
va
lu
e
o
f
L
S
D
.
*S
ig
n
ifi
ca
n
t
(p
<
0
.0
5
).

1
–
2
:
N
G
T
(n
o
rm

al
gl
u
co
se

to
le
ra
n
ce
)
vs

IF
G

(i
m
p
ai
re
d
fa
st
in
g
gl
yc
e
m
ia
);

c
–
e
N
G
T
vs

D
M

(d
ia
b
e
te
s
m
e
lli
tu
s)
;
d
,e
IF
G

vs
D
M
.

Suastika et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
International Journal of General Medicine 2019:12316

http://www.dovepress.com
http://www.dovepress.com


Table 3 Distribution of dyslipidemia by glucose tolerance

Parameters Group of patients P

NGT (%) IFG (%) DM (%) NGT vs IFG NGT vs DM IFG vs DM

LDL-C above target 73.8 83.6 79 0.025* 0.047* 0.782

Non-HDL-C above target 53.9 60.5 85.2 0.064 <0.001 0.001*

ApoB above target 51.2 59.7 80 0.163 <0.001* 0.002*

HDL-C below target 31.3 32.5 34.9 0.699 0.434 0.661

TG above target 20.4 32.5 46.7 <0.001* <0.001* 0.012*

sdLDL below target 26.2 20.7 42.2 0.309 0.022* 0.012*

Note: *Significant.

Table 4 Correlation of BMI and WC and FBG, lipid levels, insulin, and HOMA-IR

Parameters BMI WC

r p r p

Body mass index (kg/m2) – – 0.689 <0.001

Waist circumference (cm) 0.689 <0.001* – –

Fasting blood glucose (mg/dL) 0.046 0.052 0.083 0.002*

Total cholesterol (mg/dL) 0.163 <0.001* 0.172 <0.001*

Triglycerides (mg/dL) 0.290 <0.001* 0.331 <0.001*

HDL cholesterol (mg/dL) −0.103 <0.001* −0.178 <0.001*

LDL cholesterol (mg/dL) 0.101 0.002* 0.045 0.183

ApoA (mg/dL) 0.137 0.001* 0.177 <0.001*

ApoB (mg/dL) 0.273 <0.001* 0.294 <0.001*

Non-HDL cholesterol (mg/dL) 0.206 <0.001* 0.227 <0.001*

Total/HDL cholesterol ratio 0.016 0.506 0.293 <0.001*

LDL/apoB ratio −0.395 <0.001* −0.478 <0.001*

ApoB/A ratio 0.166 <0.001* 0.164 <0.001*

Insulin (IU/L) −0.073 0.190 0.360 <0.001*

HOMA-IR −0.093 0.190 0.355 <0.001*

Note: *Significant (p<0.05).

Table 5 Correlation of HOMA-IR and lipid levels

Parameters HOMA-IR

Men Women Total

r p r p r p

Total cholesterol −0.010 0.926 0.240 0.051 0.120 0.134

Triglycerides 0.060 0.439 0.268 0.001* 0.151 0.007*

HDL cholesterol −0.304 <0.001* −0.285 <0.001* −0.276 <0.001*

LDL cholesterol 0.034 0.748 0.161 0.192 0.099 0.214

ApoA −0.129 0.223 −0.042 0.736 −0.073 0.364

ApoB 0.073 0.490 0.292 0.017* 0.181 0.023*

Non-HDL cholesterol 0.025 0.816 0.307 0.011* 0.168 0.035*

Total/HDL cholesterol ratio 0.168 0.112 0.386 0.001* 0.241 0.002*

LDL/apoB ratio −0.051 0.631 −0.225 0.067 −0.135 0.090

ApoB/A ratio 0.180 0.088 0.271 0.026* 0.199 0.012*

Note: *Significant (p<0.05).

Dovepress Suastika et al

International Journal of General Medicine 2019:12 submit your manuscript | www.dovepress.com

DovePress
317

http://www.dovepress.com
http://www.dovepress.com


p<0.001), non-HDL-C (167.55 vs 132.91 mg/dL,

p<0.001), LDL/apoB ratio (1.23 vs 1.37, p=0.002), and

apoB/A ratio (0.84 vs 0.63, p<0.001) levels or ratios were

significantly higher (except for LDL/apoB ratio which was

lower) among subjects with DM than subjects with NGT.

Based on lipid level treatment target, the number of

subjects with DM who had not achieved the target was

high. The frequency of uncontrolled lipid levels and

sdLDL was found to be higher in subjects with DM

than in subjects with NGT and IFG (except LDL-C

level which was higher in subjects with IFG compared

to subjects with DM). The prevalence of uncontrolled

dyslipidemia target in subjects with DM was as follows:

high LDL-C was 79.0%, high non-HDL-C was 85.2%,

high apoB was 80%, low HDL-C was 34.9%, high TG

was 46.7%, and sdLDL was 42.2% (Figure 1). There

was a significant difference between the level of LDL-C

in NGT vs IFG (p=0.025) and NGT vs DM group

(p=0.047). The level of non HDL-C was significantly

different only in IFG vs DM group (p=0.001). The

levels of apoB and sdLDL were significantly different

in NGT vs DM (p<0.001 and p=0.022) and IFG vs DM

group (p=0.002 and p=0.012). The level of TG was

significantly different in NGT vs IFG (p<0.001), NGT

vs DM (p<0.001), and IFG vs DM group (p<0.012)

(Table 6). This study did not consider the use of

lipid-lowering agents in the subjects because the sub-

jects were villagers who rarely consumed lipid-lowering

agents.

Discussion
It was found, in this study, that obesity had a correlation

with lipid levels. WC mainly had a correlation with

LDL/apoB ratio, insulin level, HOMA-IR, and TG.

Insulin resistance (HOMA-IR) had a correlation with

lipid levels or ratios, especially in women. In women,

HOMA-IR mainly had a correlation with total/HDL-C

ratio, non-HDL-C, apoB, and HDL-C (negative correla-

tion) levels.

Prevalence of DM and dyslipidemia increases with

increased BMI. The clinical manifestations of obesity related

to glucose and lipid metabolism disorders are hyperglycemia,

elevated very low density lipoprotein (VLDL) TG and apoB

(sdLDL), low HDL-C, and metabolic syndrome.11,12 It is

consistent with the results of this study which found that

WC, as one parameter of obesity, had a correlation with

LDL/apoB ratio, insulin level, HOMA-IR, and TG. A popu-

lation-based study in Georgia revealed that insulin resistance

(HOMA-IR) was positively correlated with age, apoB, apoB/

apoA-I ratio, metabolic syndrome components (excluding

HDL-C), LDL-C, fasting insulin, and TC and negatively

correlated with HDL-C and apoA-I in both genders. In the

logistic regression models, gender, age, apoB/apoA-I ratio,

diastolic pressure, HDL-C, LDL-C, FBG, and TG were the

covariates significantly associated with IR.13 Environmental

factors such as smoking influenced the lipid profile (by

aggravating atherogenic dyslipidemia) in subjects with insu-

lin resistance.14 Similar to other studies, this study also

showed that obesity and insulin resistance had a consistent
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Figure 1 Frequency of dyslipidemia by glucose tolerance (percent). LDL-C (≥100 mg/dL), non-HDL-C (≥130 mg/dL), apoB (≥90 mg/dL), HDL-C (men <40 mg/dL, women

<50 mg/dL), TG (≥150 mg/dL), sdLDL (LDL-C/apoB <1.2).
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correlation with levels of TG, HDL, apoB, and LDL/apoB

ratio (atherogenic dyslipidemia). Non-HDL-C, an important

risk factor for ASCVD, also had a correlation with obesity

and insulin resistance in this study.

This study showed that FBG had a correlation with TC,

TG, LDL-C, apoB, non-HDL-C levels, LDL/apoB, and

apoB/apoA ratios. Subjects with DM had higher levels of

TC, TG, and non-HDL-C levels in both genders; T/HDL-C

ratio only in men; LDL-C, apoB/apoA ratio and lower

LDL/apoB ratio only in women. Both carbohydrate and

lipid metabolism are interconnected with their physiologi-

cal pathways. Obviously, alteration of one affects the

other.

Prevalence of dyslipidemia in India, defined as

derangement or abnormality in any one of the serum

lipids, was found to be 97.2%. Dyslipidemia in DM indi-

viduals with good glycemic control was better than in

those with poor glycemic control.15 FBG level correlated

significantly with TC, TG, and VLDL-C.16 A study on

prevalence and pattern of dyslipidemia among T2DM

patients at a rural-based hospital in Gujarat, India reported

by Pandya et al,17 revealed that mean serum cholesterol

level was 188.9±43.70, mean serum TG was 174.6±69.44,

mean serum HDL was 46.2±17.08, mean serum LDL was

105.9±34.06, and mean serum VLDL level was 33.4

±11.08 mg/dL. Out of 171 DM patients, 36.3% patients

had high serum cholesterol level, 35.7% had low serum

HDL level, 56.1% had high serum TG level, 57.3% had

serum LDL level above normal range; and 49.7% showed

high serum VLDL level. A study enrolling 5400 patients

with T2DM from 178 centers across India, showed the

following: primary end-point of LDL-C level below ADA

2010 target was achieved in a total of 48.74% patients.

Gender and age were associated with lipid levels. Control

rates of HDL-C, TG, and TC were 60.48%, 57.54%, and

92.2%, respectively.18 ApoB/apoA1 ratio was found to be

significantly higher in diabetic patients when compared to

normal subjects. The apoB, TC, LDL-C, and apoB/apoA1

ratio showed a positive correlation with insulin resistance.

ApoA1 showed a negative correlation with insulin resis-

tance. Subjects with diabetes had higher TG, apoB, and

apoB/apoA1 ratio, and lower HDL-C and apoA1 than in

control subjects.19 A study in China showed that apoB/

apoA-I ratios were significantly increased across the spec-

trum of individuals with NGT, pre-diabetes, and T2DM.

Women showed higher levels of apoB/apoA-I ratio and

apoB than men in the pre-diabetic and T2DM groups, but

not in the NGT group.20 Patterns of lipid level or ratio are

very similar between all studies, which DM mediated by

insulin resistance induces atherogenic dyslipidemia. The

prevalence of subjects with uncontrolled lipid levels in this

study was higher than in the studies in India (previously

mentioned), it may be due to different sample-based

recruitment. Both reports from India were hospital-based,

whereas our report was population-based in some villages

in Bali in which all subjects were not treated. A study by

Zheng et al, in China, did not include prevalence of

uncontrolled lipid levels in diabetes patients.20

DM, through insulin resistance, can induce dyslipide-

mia, but otherwise dyslipidemia can also become a

Table 6 Correlation of FBG and lipid levels, insulin and HOMA-IR

Parameters FBG

Men Women Total

r p r p r p

Total cholesterol 0.085 0.010* 0.241 <0.001* 0.167 <0.001*

Triglycerides 0.134 <0.001* 0.337 <0.001* 0.224 <0.001*

HDL cholesterol 0.045 0.172 −0.026 0.453 −0.002 0.947

LDL cholesterol 0.034 0.424 0.147 0.002* 0.089 0.005*

ApoA 0.032 0.569 0.068 0.270 0.044 0.285

ApoB 0.051 0.363 0.299 <0.001* 0.174 <0.001*

Non-HDL cholesterol 0.072 0.030* 0.258 <0.001* 0.171 <0.001*

Total/HDL cholesterol ratio 0.025 0.460 0.025 0.477 0.025 0.306

LDL/apoB ratio −0.072 0.195 −0.200 0.001* −0.128 0.002*

ApoB/A ratio 0.030 0.588 0.232 <0.001* 0.129 0.002*

Insulin 0.037 0.634 0.132 0.107 0.097 0.081

HOMA-IR 0.312 <0.001* 0.482 <0.001* 0.425 <0.001*

Note: *Significant (p<0.05).
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predictor of development of DM in the future.

Themechanism might be mediated metabolically or

through genetic background.21 Insulin resistance is respon-

sible for: a) a reduction in apoB degradation, leading to an

increased apoB level in hepatocytes (including apoB

degradation by PERPP); b) increased MTP expression;

and c) increased activity of two factors involved in the

formation of VLDL1, phospholipase D1, and ARF-1.

Moreover, peripheral insulin resistance is responsible for

increased levels of NEFA, which activate VLDL

production.22

Genetic predisposition has a role in the relationship

of dyslipidemia and T2DM risk. Low HDL-C genotype

score or high TG genotype score are related to elevated

T2DM risk.21 In a 4-year retrospective longitudinal

study in non-diabetic Korean subjects, the ratio of TC

to HDL and apoB to HDL showed a significant associa-

tion with increased risk of T2DM: odds ratio 1.340

(95% confidence interval 1.166–1.538); and 1.338

(95% confidence interval 1.162–1.540), respectively.

The odds ratio for the development of type 2 diabetes

increased significantly as the tertiles of the baseline ratio

of TC to HDL and apoB to HDL increased from the first

to the third tertile.23 The difference or variation of

dyslipidemia levels or pattern between several studies

may be partly influenced by difference in environmental

and genetic background.

Conclusion
In this study we could therefore conclude that: 1) FBG

had a correlation with TC, TG, LDL-C, apoB, non-

HDL-C levels, LDL/apoB, and apoB/apoA ratios; 2) sub-

jects with DM had higher levels of TC, TG, and

non-HDL-C levels in both genders; T/HDL-C ratio only

in men; LDL-C, apoB/apoA ratio and lower LDL/apoB

ratio only in women; 3) obesity was correlated with lipid

levels; 4) WC was correlated with LDL/apoB ratio, insu-

lin level, HOMA-IR, and TG; highest absolute strength

of correlation was with LDL/apoB ratio; 5) insulin resis-

tance was correlated with lipid levels or ratios, especially

in women; and 6) in women, HOMA-IR had a positive

correlation with total/HDL-C ratio, non-HDL-C, apoB,

and a negative correlation with HDL-C levels. Our

focus on the treatment of lipid abnormalities in diabetes

could decrease the risk of cardiovascular events. It will

lead to the expectation that patients with diabetes will

have longer, healthier lives.
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