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ABSTRACT

Ain: To determine the prevalence of peripheral arterial
disease and te its risk factors in parients with rype 2 diabetes
meflitus.

Subjects and Methods: A cross sectional study was con-
ducted on {10 subjects with type 2 diabetes mellitus. Sub-
Jects nndenvent comprehensive medical examinations, in-
cluding lipid profile, body muass index, Hemoglobin Alc and
Ankle Brachial Index.

Results: The prevalence of PAD in diabetic subjects was
35.5%. In multivariate analysis: cholesterol levels of 2200
mg/dL, history of smoking, a duration ef diabetes of 2 5 years,
hypertension, triglyceride levels of 2 150 mg/dL, and body
muass index of > 150 mg/dL are significanr risk facrors for
PAD in diabetic subjects. Gender, age of 2 50 years old, LDL
levels of 2 100 my/dL, HDL fevels of < 40 mg/fdL, and HhAlc

levels of = 7% were not significam risk factors for PAD in .

diabetic subjects.

Conclusion: In this study, the prevalence rate of PAD in
diabetic subjects was approximately 35.5%. Toral choles-
terof levels, history of smoking, duration of diabetes, hyper-
rension, rriglyceride, and body mass index were significant
risk factors for PAD in diabetic subjects.

* Depurtment of ntermal Medicine, Faculty of Medicine of The
University of ndouesio/Dr.Cipte Mangunkusump National General
Huaspital, Jakarta, indonesia

** Division of Metabelic-endecrine,Deparimenr of Inrernal
Medicine, Faculty of Medicine of The University of Indonesial
Dr.Cipte Mangunkusamo National General Hospital, Jokaria,
Indonesia

*x& Division of Cardiclegy. Department of Internal Medicine,
Faculty of Medicine of The University of Indonesia/Dr.Cipio
Mangunkusumo National General Hospiral, Jakarto, Indoaesia
wxdd Division of Hemutology und Medical Oncology, Depariment of
Internal Medicine. Facufty of Medicine of The University of Indonesia/
Dr.Cipto Mangunkusumo National Geaeral Huspital. fakarta,
Indonesia

2

INTRODUCTION

The prevalence rate of diabeles mellitus has in-
creased along with the lifestyle changes of the commu-
nity. Data from Jakarta demonstrate an increased preva-
lence of diabetes mellitus from 1.7% in 1982 to 5.6% in
1993. Complications of diabetes mellitus should stari
garly. Other wise, chronic complications of diabetes
mellitus will be a heavy burden o deal with.' In the long
term, diabetes mellitus could cause macrovascular and
microvascular complications as well as neuropathy.
Macrovascular complications are mostly caused by the
process of atherosclerosis, consisting of coronary heart
disease, cerebrovascular disease, as well as penpheral
arterial disease. Peripheral arterial discase (PAD) is a
vascular disease in the form of blockages of medium-
size and small arteries and often inflicts the lower limbs.
PAD increases the prevalence of foot gangrene and dis-
turbs healing of diabetic ulcer. Inadequate management
of foot gangrene increases the prevalence of amputa-
tion.? Amputation causes paticnts Lo lose their jobs, their
incomes, causes dependency, depression, and reduces
their quality of Jife.?

Risk factors for PAD in type 2 diabetes mellitus are
genetic factors, age, sex, duration of diabetes mellitus,
smoking, obesily, hypertension, otal cholesterol, tiglyc-
eride, low density lipoprotein (LDL), high density lipo-
protein (HDL), hyperglycemia, drugs, homocysteinemia,
coagulation disturbance and fibrinolytics. The prevalence
of these risk factors in patients with diabetes mellitus is
quite high.*

This study aims to determine the frequency and risk
factors associated with increased PAD in type 2 diabe-
tes mellits patients at Cipto Mangunkusumo Hospital,
Jakaria.
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MATERIALS AND METHODS

The study was a cross-sectional study conducted
from January to May 2002 at the Subdivision of Meta-
bolic Endocrinology of the Department of Internal Medi-
cine of the Faculty of Medicine of the University of In-
donesia/Cipto Mangunkusumo Hospital, Jakarta. Study
subjects were selected by consecutive random sampling
with the following inclusive criteria: type 2 diabetes mel-
litus patients who were willing to be involved in the study.
The exclusion criteria were as follows: an ankle brachial
index (ABI) of over 1.3, use of peripheral vasodilatation
agents (pentoxiphillin, silostazole, and naftydrofuril), use
of alpha receptor blocker anti-hypertensive agents such
as carvedilole, Buerger disease, venous thrombosis, ar-
terial thrombosis, and loss of one of four extremities.
The independent variables studied were age, sex, dura-
Llion of diabetes, history of smoking, blood pressure, body
mass index, total cholesterol levels, trglyceride, LDL
cholesterol, HDL cholesterol, and HbA lc. The depen-
dent variable was the prevalence of PAD. Lipid profile
(total cholesterol, trigltyceride, and HDL levels) was de-
termined using the enzymatic method, L.DL was calcu-
lated using the Friedewald formula, and HbAlc was
measured using the Elisa method. Blood pressure was
taken in a seated position with a mercury sphygmoma-
nometer on both arms after staying seated for 5 min-
utes. Ankle brachial index (ABI) was determined by
measuring the systolic pressure of both upper arms fol-
lowed by the systolic pressure of both dorsal foot arter-
ies using the Doppler vasoflow instrument (Pneumo-Dop
HD-2200 Vascular Testing System Hodeco, Hayashi
Denki Co.Ltd) while the patient is lying down, by plac-
ing a cuff on the patient’s ankle. The ankle brachial in-
dex is a comparison of the highest systolic pressure of
the dorsal foot arlery and the highest systolic pressure
of the upper arms. PAD is eslablished when the ankle
brachial index is equal to or less than 0.90. All patients
with an ankle brachial index of over 1.30 were excluded
from the study, since this reflects the presence of vas-
cular calcification. In this study, subjects were classified
as follows: based on the duration of diabetes mellitus,
subjects were classified into two groups, those who have
had diabetes mellitus for =2 5 years and those who have
had it for less than 5 ycars; based on age, subjects were
classified into 2 groups, those > 50 years and < 50 years;
based on BMI subjects were classified into 2 groups,
those with a BMI > 25 kg/m® and < 25 kg/m?; bascd on
total cholesterol levels, subjects were classified into 2
groups, those with total cholesterol levels = 200 mg/dL
and < 200 mg/dL.; based on triglyceride levels, subjecls
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were classified into 2 groups, those with triglyceride lev-
els of 2 150 mg/dL and < 150 mg/dL; based on LDL
Cholesterol levels, subjects were classified into 2 groups,
those with LDL levels of = 100 mg/dL and < 100 mg/
dL; based on HDL cholesterol levels, subjects were clas-
sified into 2 groups, those with HDL levels of <40 mg/
dL and = 40 mg/dL; based on HbAlc subjects were
classified into 2 groups, those with HbAlc of =2 7% and
< 7%; based on smoking, subjects were classified into
smokers, ex-smokers, and non-smokers. Hypertension
was established from blood pressures of > 143/90 mmHg,

The data obtained were computer-processed using
SPSS 10.0. The following analysis was performed:
univariate analysis, bivariate analysis, and logistic regres-
sion with a significance level of <0.05 and a confidence
interval of 95%.

RESULTS

From January to May 2002, there were 110 patients
with type 2 diabetes mellitus at the Metabolic-endocri-
nology outpatient clinic of Cipto Mangunkusumo Hospi-
tal, 44 (409%) being males and 66 (60%) females. Out of
the 110 patients with type 2 diabetes mellitus, there was
a prevalence rate of PAD of 39 (35.5%). The age range
was 35-85 years, with the average age being 59.5 years.
The subject’s ABI ranged from 0.38 to 1.25 with an
average of 0.91. Ninety-nine (90%) respondents received
treatment with oral hypoglycemic agents. In this study,
no respondents were current smokers. They were ei-
ther ex-smokers or non-smokers.

Table 1. Demographical Characteristics of Subjects

Varlable Type 2 dlabetes mellitus Number
PAD Without PAD
Number (n) 39 (35.5%) 71 (64.5%) 110
Sex
Male 17 {43.6%) 27 {38%) 44 (40%)
Female 22 (56.4%) 44 {66%) 66 (62%)
Average aga 61.8{sD8a.1) 88,1 {SD 7.9) 59.5(8D8.1)
(years)

Range 45-85 a5-72 35-85
Average AB| 0.73(300.15) 101{SD0.07) 0.91(SD 0.2}
Aange 0.38-0.90 0.91-1.25 0.38-1.25

Table 2. Type of Trealment In Subjects
Varlable Type 2 dlabetes mellitus Total

PAD Wilhout PAD

Digt a 5 5
Oral hypoglycemic 36 (92.3%) 63 (BB.7%) 99 (90%)
agenis
Insulin 0 0 ]
Diet + oral 3 3 B
hypoglycemlc agents
+ Insulin
Tolal 30 (35.5%) 71 (74.5%) 110 (100%) _
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Table 3. Independen Varable: Subject Cheracterietles
Variabla

__Type 2 diabetes mellltus Number
PAD Without PAD
Average duration of 104 {SD 7.4) B.1 (5D 6.9} 8.9{S07.2)
DM (year)

Range 032 O30 0-32
Hypertansion 28 (71.8%) 30 [42.3%) 58 {52.7%)
Hislory of smoking 15 (38.5%) 16 (22.5%) 31 (28.2%)
To:ldl:holasteml level 228950651} 184.7 (S0 40.8) 200.7 (SD55.0)
{mg/dL)

Range 101418 79-275 78418
Triglyceride {mg/dL) 151.4 (8D 83.4)  11B.3{SD53.9) 130.1 (SD67.4)

Ranga 28-350 46-342 26-350
LDL chalasteral lavel 154.8 (5D 55.9) 122.5(5D31.9) 333.9(SD 44.5)
{mgfdL}

Aanga 43-337 41-188 41-357
HDOL cholesterol lavel 46.6 (SD 9.3) 440(SD11.2)  44.9(SD 10.6)
{mgidL)

Range 23-70 1270 12-70
BMI {kg/m2) 23.8 (5D 4.3) 23.9(SD a3} 23.9 (8D A7)

Ranga 16.3-32.9 17.8-35.7 163-35.7
HeAE (%) 66 (5D 1.2 55{1.2) 65(SD1.2)

Naole: B « regrossion coaficlent, SE = slandord ermor, P = Significance,
OR = Odds Ralio, C) = conlidence inlerval

Based on Chi square analysis, the independent vari-
ables that demonstrated a significant comrelation with the
incidence of PAD in type 2 diabetes mellitus were: ages
of 2 50 years, duration of diabetes mellitus of =5 years,
hypertension, total cholesterol levels of = 200 mg/dL,
LDL cholesterol levels of = 100 mg/dL, and triglyceride
levels of = 150 mg/dL.. Sex, history of smoking, HDL
cholesterol, BMI, and HbA ¢ did not demonstrate a sig-
nificant correlation with the prevalence of PAD in type
2 diabetes mellitus (see Table 4).

Table 4. Tha Corrclation Betwoean Independent Varlnbhlos

and tha P of PAD In Subj
Type 2 dlabatua
Veriable mellltua [ OR 95% C1
Without
PAD  “pap

Sex
male 17 27 0.569 1.259 0.569.2.785
Female 22 44

Agoa (years)
= 50 years 3B 60 0037 6.989 0.B64-56.159
< 50 years 1 11

Ouration of DM

(yoars)
= 5 years an 41 0.044 2.439 1.010-5.888
« 5 years ] 30

Hyperenslon
Yes 28 ao 0403 3479 1.500-8.070
No 1" 41

Smoking
History of
smoking 15 15 0.076 2,148 0.016-4.037
Non-smokar 24 55

Tetal choleslemol

Jovel {mg/fdl)
=200 239 28 <0 4454 1.881-10.546
< 200 10 43

LOL eholestaral

laval {mg/dL}
=100 3 54 0073 5824 1.2589-26,728
<100 2 17

HOL cho'asterol

level (mg/dL}
< 40 7 25 0.057 0.403 0.155-1.0423
240 s 46

Triglycaride

(myg/dL)
=150 17 2 0.021 2.856 1.143-6.171
= 150 26 55

BM} tkg/m™)
» 25 19 26 0217 1844 07453630
525 20 45

HbALE (%)
27 12 18 0,542 1.209 0,55-3.108
T a7 53

p= significance < 0.05. OR= Odds Rato, Cl= conflidenca interal

4

Tabla 5. The lis of Logisiical Aeg Anntysls of Varl jopend

inbles and Tho O1 PAD In Subjects

Indepandent variables B 5E P OR 5% CI

1. Duraton of DM 1667 0629 0008 5296 1452-18.185
(2 5 ywars)

2 Hyportonslon 1.357 0538 o0m2  JaB4 1351-11.163

3. History af smoking 2763 D7FA G000  1AEX 3.553-75.018

4, Total cholestero) favel 2867 0724 Q000 17578 425672591
(2 200 myg/dL)

5. Triglycoride 2291 0588 0020 1678 1.150-11.660
[z 150 my/dL)

&, BM! (= 25 xg/mT) 1155 0568 0042 3173 1.042-9.660

Hatn: B = negmason coalficient, SE = slandard evor, p =skgnificancs « 0.05 , 0R = Odds Rabo,
Ci w confidencs intoneal

All independent variables with a p value of equal to or
less than 0.25 were included in the multivariate analysis
using logistic regression. Logistic regression is used to de-
termine the most influential factor and discard interfering
factors. Based on logistic regression analysis, variables
that tumed out to be significant risk factors for PAD in
type 2 diabetes mellitus were history of smoking, total
cholesterol levels of > 200 mg/dL, a duration of diabetes
mellitus of > 5 years, hypertension, a triglyceride level of
> 150 mg/dL, and a BMI of > 25 kg/m?(See Table 5).

DISCUSSION

This is a cross sectional study, where independent
variables are only evaluated once, without monitoring
their developments. Anoter limitation in this study is that
angiography, the gold standard for determining PAD, was
not used. However, ABI evaluation may be used as a
substitute for angiography in establishing the presence
of PAD, since ABI has a sensitivity rate of 95% and a
specificity rate of 95% in determining PAD. An addi-
tional limitation to this study is that other risk factors for
PAD, which are hyperhomocysteinemia, coagulation dis-
turbance, and fibrinolysis were not evaloated.

The prevalence of PAD in Lype 2 diabetes mellitus
greatly varies from 9 to 42%. This is due to various dif-
ferences, such as in the method of selection, sample size,
ethnic and geographic background. In this study, the
prevalence of PAD in type 2 diabetes mellilus was
35.5%. This number is not greatly different from that
found by Kazunari et al (35%).% Other studies, such as
that by Asakawa et al,® and Katsilambors et al,” found
prevalence rates of 13.3% and 42% respectively for type
2 diabetes mellitus. Gregor et al conducted a population
study and found a prevalence of PAD of 22.4%.?

Sex is a risk factor for PAD. In type 2 diabetes
mellitus, males supposedly suffer from more PADs com-
pared to females. In this study, there was no significant
correlation between the male scx and the prevalence of
PAD in type 2 diabetes mellitus. Such resulis supported
studies by Gregor et al,® and O’Neal et al,” who did not
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find a significant correlation between the male sex and
the prevalence of PAD in Lype 2 diabetes mellitus.

The prevalence rate of PAD in males is influenced by
their habit and hormonal conditions. Males have a higher
tendency to smoke and drink compared to females. In
addition, there are very low levels of estrogen in males,
increasing their risk of atherosclerosis, Estrogen has a
vasculoprotective tendency. It has two effects on the vas-
cular system: the non-genomic (raptd) effect, and the ge-
nomic (long-term) effect. Non-genomic effects is due to
vasodilatation due to the formation and release of NO
and prostacyclin by endothelial cells. The genomic effect
reduces smooth muscle tone, endothelial damage, and pro-
liferation of vascular smooth muscle cells while increas-
ing endothelial cell growth. In addition, estrogen also re-
duces tatal cholesterol levels, LDL, lipoprotein a (Lp a),
and increases levels of HDL and triglyceride. This role of
estrogen hormone reduces the incidence of atherosclero-
sis in pre-menopausal women compared to men. How-
ever, after menopause, the incidence rate of cardiovascu-
Iar disease in women increases.'?

Increased age increases the process of atheroscle-
rosis. In this study, based on the Chi square test, there
was a significant correlation between age and the preva-
lence of PAD in type 2 diabetes mellitus. Kazunari et
al,” and Asakawa et al,® found a significant correlation
between increased age and increased prevalence of
PAD in patients with type 2 diabetes mellitus.

Animal studies demonstrate that increased age is
associated with morc progressive endothelial dysfunc-
tion. In humans, increased age is associated with distur-
bance in endothelium-dependent vasodilatation. The
mechanism of increased endothelial disturbance with age
is still unclear. The survival rate of human endothelial
cells is estimated to be approximately 30 years. After-
wards, endothelial cells have reduced ability to produce
NO. NO acts as scavenger of superoxyde radicals, thus
maintaining a protective function from oxidative stress.
The cause for reduced endothelial capacity to produce
relaxation factor may be due to the accumulation of free
radicals on the surface membrane of endothelial cells.
Free radicals destroy endothelial cells, thus reducing
endothelial NO production and increasing NQ degrada-
tion. This reduction in NO induces endothelial dysfunc-
tion. All of these functions accelerate the process of
atherosclerosis.

The longer a person has suffered from diabetes
mellitus, his/her risks for PAD also increases. In this
study, there was a significant correlation between the
duration of diabetes mellitus and the prevalence of PAD.
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Asakawa el al did not find a significant correlation be-
tween the duration of diabetes mellitus and the incidence
of PAD in type 2 diabetes mellitus.® The difference in
these results may be due to 2 things, first of all, it is
unclear which factor, insulin resistance or insulin defi-
ciency, is the most dominant factor among the subjects,
and secondly, there is a difficulty in determining the ini-
tial time when the diabetes mellitus began. Prior to the
diagnosis of diabetes mellitus, there usually is a pre-dia-
betic phase that could last approximately 5-10 years.
During this phase, there is an increase in blood glucose
level, particularly post prandial glucose levels. Athero-
sclerosis should have occurred before this phase, during
the initial development of insulin resistance. Thus it is
clear that PAD is sometimes found dunng the time of
diagnosis of type 2 diabetes mellitus.

O’ Neal et al and Mehler et al'? found a significant
correlation between hypertension and the incidence of
PAD in type 2 diabetes. This study also found a signifi-
cant correlation between hyperiension and the incidence
of PAD. Hypertension accelerates the development and
progressiveness of atherosclerosis in type 2 diabetes
mellitus. Hypertension induces endothelial dysfunction
and vascular remodeling. Changes that occur include
thickening of the vascular tunica media as a result of
vascular smooth muscle cell hyperplasia, as well as ac-
cumulation of extra-cellular matrix. Increased blood pres-
sure increases shear stress. Shear stress induces vari-
ous changes in the vascular wall by activating ion Ca
and K channels, tyrosine kinase, and integrin, cavsing
endothelial damage. Such activation .cavses an interac-
tion between vascular smooth muscle cells and extra-
cellular matrix. Hypertension also stimulates hypertro-
phy of the tunica media and proliferation of vascular
smooth muscle cells. This final process is vascular re-
modeling. The subsequent process is the accumulation
of subendothelial matrix, which increases vascular col-
lagen. 34

In addition, hypertension increases the release of
angiotensin II and endothelin-1 (ET-1) by blood vessel
endothelial cells. Angiolensin IT simulates endothelial celis
to relcase various cytokines. In addition, angiotensin 11
also increases ET-[ release. ET-1 aggravates athero-
sclerosis, since ET-1 is a strong vasoconstrictor. ET-1 s
a marker for atherosclerosis in type 2 diabetes mellitus,
while cytokines such as transforming growth factor-31
(TGF-BI), epidermal growth factor (EGF), platclet de-
rived growth Factor (PDGF), vascular endothelial growth
factor (VEGF) aggravate atherosclerosis.'*
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Efforts to control hypertension produce satisfactory
results in reducing the prevalence of PAD in type 2 dia-
betes mellitus. UKPDS obtained data that efforts to re-
duce systolic blood pressure of 10 mmHg could reduce
the risk of PAD in type 2 diabetes mellitus as much as
16%. UKPDS recommends that systolic blood pressure
is maintained at less than 120 mmHg in patients with
type 2 diabetes mellitus.!¢

Smoking is a dominant risk factor for PAD in type 2
diabetes mellitus. Gregor et al,® and Q’Neal er al ? found
a significant correlation between smoking and the preva-
lence of PAD in type 2 diabetes mellitus. Smoking in-
creases carboxyhemoglobin, causing tissue hypoxia and
endothelial damage. In addition, smoking increases plate-
let aggregation. Smoking also increases adrenalin release,
causing vasoconstriction. Smoking increases total cho-
lesterol levels, LDL cholesterol levels, triglyceride, and
reduces HDL.17 All of the above aggravates athero-
sclerosis in type 2 diabetes mellitus. Smoking is one of
the dominant risk factors for PAD, both in patients with
or without type 2 diabetes mellitus. In this study, there
was no patient with type 2 diabetes mellitus who was
still smoking, in other words, only ex-smokers and non-
smokers were found. The definition of smoking varies
from one study to another. In many studies, smoking in-
cludes ex-smokers. Even though through bivariate analysis
there was no significant correlation belween ex-smok-
ers and the prevalence of PAD in type 2 diabetes melli-
tus, a significant correlation was found using logistic re-
gression analysis, after risk factors were sorted out to
eliminate interfering factors. From the logistic regres-
sion analysis in this study, history of smoking was also a
dominant risk factor for PAD. This result supports a study
by Palumbo et al that found a significant correlation be-
tween history of smoking and the prevalence of PAD in
type 2 diabetes mellitus.'® Even after a person has
stopped smoking, the influence of smoking on the devel-
opment of atherosclerosis still continues for a long time.
This is influenced by the duration of smoking, the num-
ber of cigarettes/day, the type of cigarettes, the way they
smoke, and the time lapse since the person stopped smok-
ing. The Framingham study found that the risk of death
due o cardiovascular disease drops 50% after 2 years
cessation of smoking. The mortality risk continues to drop,
and after 20 years after cessation, the risk of death due
to cardiovascular disease would be.the same as for non-
smokers. Koch found the same findings for PAD in pa-
tients who have stopped smoking.'?

A high toral cholesterol level is a risk factor for PAD
in type 2 diabetes mellitus. In this study, we found a sig-

nificant correlation between a total cholesterol level of 3
200 mg/dL and the prevalence of PAD. Based on logis-
tic regression analysis, total cholesterol level is a domi-
nant risk factor for PAD aside from smoking. Asakawa
et al found a significant correlation between high total
cholesterol levels and PAD in type 2 diabetes mellitus.®

In patients with type 2 diabetes mellilus, total cho-
lesterol levels are usually normal or slightly increased.
In patients with diabetes and insulin resistance, increased
total cholesterol levels may be due to increased lipolysis,
causing release of free fatty acids (FFA). Free fatty acids
are then used by the liver as a material to produces Very-
Low Density Lipoprotein (VLDL}). VLDL in turn con-
sists of triglyceride and ester cholesterol 5

In this study, bivariate analysis found a significant
correlation between an LDL cholesterol level of 2100
mg/dL with the prevalence of PAD. Such findings are in
accordance with a Finnish study that reported a correla-
Lion between total cholesterol level as well as LDL cho-
lesterol levels with the incidence of atherosclerosis in
type 2 diabetes mellitus. On the other hand, Gregor and
colleagues did not find a significant correlation between
I.DL cholesterol levels and PAD in type 2 diabetes mel-
litus.® The study by Asakawa et al,® and O'Neal et al?
also did not find a significant correlation betwecn the
two. After logistic regression analysis was performed,
no significant correlation was found between LDL cho-
lesterol level and the prevalence of PAD.

LDL cholesterol levels in type 2 diabetes mellitus
patients with PAD are usually not much different than
those without PAD. In type 2 diabetes mellitus, there is
an increase in small dense LDL. Small dense LDL is a
factor that plays a greater role in the process of athero-
sclerosis compared to LDL cholesterol levels. The in-
crease in LDL cholesterol levels in type 2 diabetes mel-
litus is not a precisely accurate value, since the mea-
surements cannot separate between .LDL and Interme-
diate Density Lipoprotein (1DL), thus making the value
high. If LDL and IDL levels could be distinguished, we
would find normal LDL levels and increased IDL lev-
els."” Small dense LDL undergoes glycation, reducing
the sensitivity of LDL receptors in the liver. Reduced
sensitivily to LDL receptors causes reduced LDL elimi-
nation. Reduced LDL elimination means increased cir-
culating time of small dense LDLs. Small dense LDLs
that undergo glycation are easier to oxydize and would
then undergo phagocytosis by macrophages. This pro-
cess in turn stimulates the release of various cytokines
involved in the process of atherosclerosis.'
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In this study, no significant correlation was found
between HDL levels and PAD. This result supports stud-
ies by Kazunari et al,” Asakawa et al ® and Gregor et al
who did not find a significant correlation between HDL
levels and PAD in type 2 diabetes mellitus. O’Neal on
the other hand, found a significant correlation between
the two conditions.’

HDL carries cholesterol from peripheral tissues
through the plasma to the Tiver to be converted into fatty
acids and then excreted through the bile duct. Thus, HDL
has an anti-atherogenic characteristic. Reverse choles-
terol transport occurs when cholesterols leave the cell
and enters a more dense HDL subclass. In this case,
lecithin cholesterol acyl transferase (LCAT) esterifizes
the cholesterol particle of HDL by transferring unsatur-
ated fatty acids (linoleats from lesithin) into cholesterol
to form cholesterol esters. HD1L.-derived cholesterol es-
ters are immediately transferred to the liver through 2
mechanisms, LDL receptor uplake in the liver, and by
being transferred into VLDL by cholesterol ester trans-
ferase proteins (CTEPs). These cholesterol esters would
then also be sent to the liver to be excreted. These
mechanisms thus inhibit atherogenesis. In this study, there
was no significant correlation between HDL cholesterol
levels in type 2 diabetes mellitus with or without PAD.
The reason for the lack of correlation is thatin this study,
no analysis was performed on weight reduction, calorie
restriction, or activity. Weight reduction, calorie restric-
tion, and increased activity could increase HDL levels.
In type 2 diabetes mellitus, administration of insulin and
oral anti-diabetic agents do not play much of a role in
increasing HDL Ievels. 2

Hypertriglyceride is often found in type 2 diabetes
mellitus. In this study, there was no sigmficant correla-
tion belween triglyceride levels and PAD. This result
supports studies conducted by O’Neal et al,® Asakawa
et al,! and Gregor et al.? Increased triglyceride levels in
type 2 diabetes mellitus through 3 mechanisms. The first
mechanism is through the secretion of large particle
VLDLs by the liver without increasing the rate of VLDL
secretion. In this condition, LDL levels are usually nor-
mal. This process could occur acutely, particularly when
glucose uptake into the liver is increase, or in patients

with a high carbohydrate diet. The second mechanism is
through reduced lipoprotein lipase (LPL) activity. LPL
hydrolyzes VLDL into IDL, to then form LDL. LPL
levels on endothelial surfaces are controlled by insulin.
In type 2 diabetes mellitus, LPL activity is reduced, thus
reducing the hydrolysis of VLDL and kilomicrons. The
third mechanism is through increased rate of VLDL se-
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cretion by the liver. The VLLDL in this final mechanism
has a smaller particle size compared to that of the first.
In this mechanism, Apo B production is also increased,
thus causing hypertriglyceride hyperapo B. LPL is then
hydrolyzed by LPL, increasing IDL levels and small dense
LDL levels. In type 2 diabetes mellitus, increased VLDL
production by the liver plays a greater role in increasing
triglyceride levels compared to reduced LPL activity.'®

Obesity has a close correlation with insulin resis-
tance and type 2 diabetes mellitus. In insulin resistance,
aside from the presence of hypeiglycemia and obesity,
hypertension and hyperinsulinemia are also found. In this
study, the chi square test did not find a significant corre-
lation between a BMI of over 25 kg/m? and the preva-
lence of PAD, which is in line with findings by O’ Neal
et al,® Asakawa et al,® and Gregor et al.” However, after
logistic regression analysis was performed in this study,
a signtficant correlation was found between a BMI of
over 25 kg/m*and the prevalence of PAD.

Increased prevalence of type 2 diabetes mellitus is
not only associated with increased body weight, butalso
to ethnic and racial background. The obesity type asso-
ciated with insulin resistance is cenltral or visceral obe-
sity. Visceral obesity could be measured based on waist-
hip ratio. Waist to hip ratio is better in determining vis-
ceral obesity compared to BMI. Free falty acid release
from adipose tissue is the connector between obesity
and insulin resistance. Visceral fat plays an important
role, since it is metabolically more active compared 1o
subcutaneous fat, particularly in releasing free fatty ac-
ids. Free fatty acids increases liver glucose production
and hyperglycemia during fasting. Increased levels of
free fatty acids in the peripheral circulation inhibits insu-
lin action in tissues,"

Hyperglycemia could cause atherosclerosis through
the polyol pathway, auto-oxidation, or protein glycation.
These three processes increases oxidative stress and
stimulate the release of free radicals. The latter process
causes reduced NO release by endothelial cells and in-
creased inflammatory mediators. A high HbAlc level is
a parameter for chronic hyperglycemia. In this stdy, no
significant correlation was found between HbAIc and
PAD. This result supports the study by O’ Neal et al,®
Asakawa et al® and Gregor et al.’ The lack of signifi-
cant correlation between HbA 1c and PAD in type 2 dia-
betes mellitus is because HbA 1c could only detect blood
glucose regulation in the last 2-3 months, while athero-
sclerosis in type 2 diabetes mellitus have occurred since
the initial phase of insulin resistance. However, the
UKPDS study found data that a reduction of HbAlc of
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1% reduces the risk of PAD in type 2 diabetes mellitus
of 43%.%

Hyperglycemia could cause atherosclerosis by means
of glycation of the collagen matrix of the vascular wall.
This glycation process increases collagen fibers and LDL
trapping into the vascular wall.? Chronic hyperglyce-
mia facilitates the process of atherosclerosis. Hypergly-
cemia is toxic to endothelial cells. This toxic effect re-
duces NO production, thus decreasing vasodilatation,
increasing vasoconstriction, hyperplasia of vascular
smooth muscle cell hyperplasia, and vascular remodel-
ing. Hyperglycemia induces the expression of fibronectin
and type IV collagen and contributes to the develop-
ment of endothelial dysfunction. Fibronectin is a glyco-
protein that plays an important role in cell matrix inter-
action,*

Hyperglycemia increases AGE production, which in
turn causes AGE accumulation within cell protein, AGE
accumulation is closely correlated to vascular complica-
tions. AGEs then bind with AGE receptors on endothe-
lial cells and macrophages. This linkages then causes
macrophages and endothelial cells to release TNF and
IL-1. Cytokine would then stimulates cells to synthesize
protein and proliferate. Aside from that, chronic hyperg-
lycemia increases the production of extracellular matrix
and vascular smooth muscle cell proliferation.®

CONCLUSION

In this study, we found a prevalence rate of 35.5%
of PAD in type 2 diabetes mellitus. The risk factors as-
sociated with PAD are a total cholesterol level of 3 200
mg/dL., history of smoking, duration of diabetes mellitus
of 5 years or more, hypertension, triglyceride levels of 3
150 mg/dL., and BMIs of over 25 kg/m®.
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