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Abstract

Coronary artery disease (CAD) remains the leading cause of cardiovascular death. The
CAD risk factors dyslipidemia, hypertriglyceridemia, and diabetes are related to dietary
intake and their metabolism. However, the association between carbohydrate, lipid, and
protein components of dietary intake and the significant CAD remains elusive; and it nev-
er been reported among Asian population. The purpose of this study was to identify the
risk factor profile of significant CAD of young Indonesian patients and to compare those
components of dietary intake in those patients with and without significant CAD. Within
the framework of this Cardiometabolic Investigation study, a case / control group was es-
tablished comprising 22 patients with significant CAD (case group) and 14 patients without
or non-significant CAD (control group) aged ≤50 years all of whom were admitted to the
Dr. Kariadi Hospital. The multivariate analysis of the risk factors for significant CAD
were energy intake >1750 kcal/day (OR=14.4; p=0.005) and smoking habit (OR=7.7;
p=0.036). The energy intake of the patients with significant CAD was significantly higher
than that of the control (2005.25±85.91 vs. 1695.56±128.19 kcal/day; p=0.003). While the
lipid and protein component of the energy intake did not vary significantly between those
two groups, the carbohydrate intake in the significant CAD group was significantly higher
than that of the control group (1142.99±38.11 vs. 950.00±75.88 kcal/day; p=0.018). Conclu-
sion: In addition to the smoking habit, a high carbohydrate intake could pose a risk factor
for the significant CAD in young Indonesian patients.
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Introduction

Coronary artery disease (CAD) remains the leading cause
of cardiovascular death and is most commonly caused by
the narrowing of the coronary artery lumen by atheroma-
tous plaque [1]. Although the Framingham Risk Score,
which represents a significant advance in the primary
prevention of cardiovascular disease, classifies virtually
all younger adults as low risk, regardless of risk factor
burden [2–4], necropsy studies demonstrated that athero-
sclerotic changes in the vessel wall begin early in life [5].
A study using intravascular ultrasonography showed that
coronary atherosclerosis begins at a young age and the
lesions are present in one of six teenagers [6]. Individuals
with low short-term but high lifetime risk have a greater

burden and progression of subclinical atherosclerosis, as
can be measured by coronary artery calcium and carotid
intima-media thickness, compared with those with low
short-term and low lifetime risk, even at <50 years of age
[7].

Identification of risk factors for the significant CAD in
young individuals is important in the prevention of CAD
in the productive population. A study in the Japanese
population showed that male sex, body mass index (BMI)
>25 kg/m2, current smoker, family history of CAD,
dyslipidemia, and metabolic syndrome-like factor accu-
mulation are coronary risk factors which are more preva-
lent in younger patients than in the older [8]. The Korean
CAD registry found that compared with the older patients,
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young patients with CAD were predominantly male and
active smokers, but showed a lower prevalence of hyper-
tension, diabetesor any prior history of stroke and myo-
cardial infarction [9]. CAD risk factors dyslipidemia, hy-
pertriglyceridemia and diabetes are related to their dietary
intake and their metabolism. Compared with those with a
40%-carbohydrate diet, subjects receiving a 60%-
carbohydrate diet had a lower high-density lipoprotein
(HDL) cholesterol, a higher fasting plasma triacylglycerol
and very-low density-lipoprotein (VLDL) triacylglycerol
and VLDL-cholesterol concentrations [10]. However, the
association between carbohydrate, lipid, and protein com-
ponents of dietary intake and the significant CAD remains
elusive, and it never been reported among Asian popula-
tion.

In this study, we identified the risk factor profile of sig-
nificant CAD in those patients, and then compared the
carbohydrate, lipid, and protein components of dietary
intake between young Indonesian patients with and with-
out significant CAD. We found that the risk factors for
significant CAD in young Indonesian patients were
energy intake >1750 kcal/day and smoking habit; and a
high carbohydrate intake was the dominant contributor in
the high energy intake.

Methods

Subject and design of study
As a part of the Cardiometabolic Investigation (Carmetin)
study, the design of this study was a case control in one
center (Dr. Kariadi General Hospital, Semarang,
Indonesia). Informed consent for participation in this
study was obtained and the investigation was approved by
the institutional ethics committee of human research in
the Faculty of Medicine Diponegoro University and
conformed with the principles outlined in the Declaration
of Helsinki [11].

The design of study is shown in Figure 1. Subjects were
eligible for inclusion in the study if their age was 50 years
or less, the diagnosis of their condition for hospital ad-
mission was either stable angina pectoris or acute coro-
nary syndrome, and they underwent percutaneus coronary
angiography. We chose to study subjects who were aged
(≤50 years), on the basis of previous work.7 Subjects were
grouped as significant CAD if they had significant steno-
sis of their coronary artery (≥50%), and as a control if
they did not have either stenosis of the coronary artery or
their stenosis was not significant [12]. After an eight
hours fasting, their blood samples were drawn from an
antecubital vein. Total cholesterol, HDL cholesterol, LDL
cholesterol, VLDL cholesterol, triglycerides and plasma
glucose levels were determined in the clinical laboratory
of Dr. Kariadi Hospital which has an acceptable stan-
dardization and quality control system. A personal inter-
view was conducted with each
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Figure 1. Design of study. Subjects were grouped as sig-
nificant CAD and control groups based on the coronary
angiography data. Blood examination, interview and
questionnaire were obtained in all subjects in both groups.
The detail is described in the text. CAD, coronary artery
disease; SFFQ, semi-quantitative food frequency ques-
tionnaire.

patient to ask about smoking habits (never, past, or cur-
rent smoker); past or current smokers were asked about
the number of cigarettes smoked per day and the duration
of smoking in years. To investigate dietary intake, we
used a standardized semiquantitative food frequency
questionnaire (SFFQ) which has been widely used to
quantify food intake [13,14]. Food models were used to
help patients fill in the questionnaire and to minimize re-
call bias. Dietary intake data collection has been
described in detail elsewhere [15,16]. In brief, each
subject completed two FFQs and 7-day weighed food
intake record (DRs). The first FFQ was administered to
provide data to compare with the second FFQ as a means
of evaluating reproducibility, and the second FFQ was
administered to obtain data to compare with the DRs to
evaluate its validity. Only data from the second FFQ for
validity has been used in this paper. Subjects with cancer,
Kawasaki’s disease, or inherited metabolic disorder were
excluded from this study. The diagnosis of the inherited
metabolic disorder was done clinically as described in
detail elsewhere [17].

Statistical analysis
SPSS software version 17.0 (Polar Engineering and
Consulting, USA) was used for the statistical analysis.
Differences in basic clinical characteristics and dietary
intakes between significant CAD and control groups were
analyzed with chi-square test or t-test depending on the
type of variables. The data were expressed in mean±SD,
except where they were already mentioned. To assess the
correlation between significant CAD and its risk factors,
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bivariate and multivariate analyses were used. Differences
with a p value of <0.05 were considered statistically
significant.

Result

Baseline clinical characteristics between young patients
(≤50 years old) with coronary artery disease and the
control groups were not significantly different with the
exception of the total triglyceride cholesterol and VLDL
(Table 1). The number of cases of significant coronary
stenosis within the subjects of CAD group varied. The
number of subjects with one, two or three vessel diseases
was 11 (50%), 5 (23%), and 6 (27%), respectively.

A high energy intake and smoking habit were risk fac-
tors for the significant CAD in young Indonesian pa-
tients
Bivariate analysis of the risk factors associated with sig-
nificant CAD showed that energy intake >1750 kcal/day,
triglyceride >150 mg/dl, LDL >130 mg/dl, and smoking
habit had both a high odd ratio and a significant p value
(Table 2), but the result of multivariate analysis showed
that only energy intake >1750 kcal/day and smoking habit
had both a high odd ratio and a significant p value (Table
3). This data suggests that energy intake >1750 kcal/day
and smoking habit are risk factors associated with a sig-
nificant CAD in young Indonesian patients.

Table 1. Baseline clinical characteristics

Variable Control (n=14) CAD (n=22) p value

Sex, male (%)
Age, yrs
BMI, kg/m2

Education
   Junior high school (%)
   Senior high school (%)
   University (%)
Job
   Civil employee
   Farmer/labour (%)
   Entrepreneur (%)

Unemployed (%)
   Other (%)
Hypertension (%)
DM (%)
Total cholesterol, mg/dl
TG-C, mg/dl
LDL, mg/dl
HDL, mg/dl
VLDL, mg/dl
Angiogram
   1 vessel disease (%)
   2 vessels disease (%)
   3 vessels disease (%)

8 (57)
44±3.67
22±1.23

3 (21)
5 (36)
6 (43)

5 (36)
3 (21)
2 (14)
2 (14)
2 (14)
8 (57)
4 (29)
170.43±38.15
124.79±52.35
111.50±25.33
39.00±5.23
24.96±10.47

17 (77)
48±1.56
23±1.03

5 (23)
6 (27)
11 (50)

7 (32)
4 (18)
3 (14)
4 (18)
4 (18)
15 (68)
6 (27)
184.05±43.83
156.33±38.79
134.33±41.49
36.71±5.55
31.27±7.76

11 (50)
5 (23)
6 (27)

0.201
0.114
0.293

0.927
0.592
0.676

0.809
0.810
0.956
0.760
0.760
0.501
0.932
0.351
0.049
0.075
0.234
0.049

BMI, body mass index; DM, diabetes mellitus; TG-C, triglyceride cholesterol.

Table 2. Bivariate analysis for the risk factors of significant CAD aged ≤50 years

No. Variable Odds ratio p value

1 Energy intake >1750 kcal/day 11.7 0.002
2 Total cholesterol >200 mg/dl 1.9 0.311
3 Triglyceride >150 mg/dl 5.0 0.030
4 HDL >40 mg/dl 0.7 0.754
5 LDL > 130 mg/dl 4.9 0.039
6 Smoking habbit 5.9 0.021
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Table 3. Multivariate analysis for the risk factors of significant CAD aged ≤50 years

Variable Odds ratio p value

Step 1 Energy intake >1750 kcal/day 7.6 0.056
Triglyceride >150 mg/dl 2.1 0.475
LDL > 130 mg/dl 3.7 0.196
Smoking habbit 8.6 0.034

Step 2 Energy intake >1750 kcal/day 10.5 0.017
LDL > 130 mg/dl 3.8 0.173
Smoking habbit 8.6 0.033

Step 3 Energy intake >1750 kcal/day 14.4 0.005
Smoking habbit 7.7 0.036

A high carbohydrate intake contributed dominantly in
the high energy intake of young CAD patients
Figure 2 shows the comparison of intake of energy in
young patients with a significant CAD and the control.
The energy intake was significantly higher in the signifi-
cant CAD group than in the control (2005.25±85.91 vs.
1695.56±128.19 kcal/day; p=0.003). Intake consisted of
carbohydrate, lipid and protein. The components of each
dietary intake are shown in Figure 3. The intake of lipid
and protein were not significantly different between the
significant CAD and control groups (lipid 69.65±3.85 vs.
58.73±3.97 gram/day; p=0.065 or 626.84±34.66 vs.
528.56±39.49 kcal/day; p=0.065; protein 58.86±3.28 vs.
54.25±3.21 gram/day; p=0.345 or 235.42±13.14 vs.
217±12.82 kcal/day; p=0.449), but carbohydrate intake
was significantly higher in the significant CAD group
than the control (290.69±8.56 vs. 240.28±20.27
gram/day; p=0.003 or 1142.99±38.11 vs. 950.00±75.88
kcal/day; p=0.018). Taken together, this data indicates
that a high carbohydrate intake was a dominant contribu-
tor to the higher energy intake of the significant CAD
group as opposed to the control.

Control CAD
0

500

1500

2000

En
er

gy
 in

ta
ke

 (k
ca

l/d
ay

)

p=0.003

Figure 2. Energy intake in patients aged ≤50 years with
the significant coronary artery disease (CAD, n=22) vs
control (n=12). Error bar indicated standard error of
means (SEM).
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Figure 3. Component of dietary intake in patients aged
≤50 years with the significant coronary artery disease
(CAD, n=22) vs control (n=14). Intakes of carbohydrate,
lipid, and protein in gram/day (A) and in kcal/day (B).
Error bar indicated SEM.

Figure 4 shows the percentage of each component of die-
tary intake in both significant CAD and control groups.
Percentages of carbohydrate in significant CAD and con-
trol groups were 69.34±2.04% and 68.02±5.74% of the
total daily intake in gram/day or 57.00±1.90% and
56.03±4.48% of the total daily intake in kcal/day, respec-
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tively. Percentages of lipid in significant CAD and the
control groups were 16.61±0.92% and 16.63±1.12% of
the total daily intake in gram/day or 31.26±1.73% and
31.17±2.33% of the total daily intake in kcal/day, respec-
tively. The percentage of protein in significant CAD and
control groups was 14.04±0.78% and 15.36±0.91% of the
total daily intake in gram/day or 11.74±0.66% and
12.80±0.76% of the total daily intake in kcal/day, respec-
tively. Thus, this data shows that the percentages of each
component of dietary intake are not significantly different
between both groups and the percentage of carbohydrate
intake is high, equal to, almost 60% of the total daily en-
ergy intake in kcal/day.
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Figure 4. Percentage of each component of dietary intake
in patients aged ≤50 year with the significant coronary
artery disease (CAD, n=22) vs. control (n=14). Percen-
age of carbohydrate, lipid, and protein intakes of total
dietary intake in gram/day (A) and in kcal/day (B). Error
bar indicated standard error of means (SEM).

Taken together, these data indicate that although the per-
centage of the carbohydrate intake as a percentage of the
total intake in the significant CAD group is no different
from that of the control, a high carbohydrate intake is a
more dominant contributor to the higher energy intake of
the significant CAD group than the control.

Discussion

In the present study, incidences of high energy intake and
smoking habit were significantly higher in the patients
with a significant coronary artery disease than that of the
control, and the carbohydrate intake was a dominant con-
tributor to the higher energy intake of the significant CAD
group than the control. The finding that a high carbohy-
drate intake is significantly higher in the significant CAD

patients is supported by other studies. The level of carbo-
hydrate intake correlates with blood triglyceride levels in
the Indonesian population [17]. Abassi et al. showed that
a high carbohydrate diet decreases HDL-cholesterol and
increases fasting triglycerides [18]. Reduced concentra-
tion of HDL and increased triglyceride as well as in-
creased LDL are responsible for the genesis of atheroscle-
rotic lesions [19–23]. A prospective study in US women
by Liu et al. suggested that a high intake of rapidly di-
gested and absorbed carbohydrates increases the risk of
CAD independent of the conventional coronary risk fac-
tors [24].

A low-fat, high-carbohydrate diet can increase plasma
triglyceride levels, known as carbohydrate-induced hyper-
triglyceridemia [25]. Triglycerides are composed of three
fatty acids attached to a glycerol molecule. A dietary car-
bohydrate contributes to the formation of triglyceride mo-
lecules by forming either fatty acids through the Embden-
Mayerhof pathway and Kreb’s cycle or glycerol moiety of
the triglyceride molecule via u-glycerolphospate [26,27].
An increased triglyceride level in the plasma may occur
by the decreased clearance of triglyceride-rich lipoprotein,
i.e. VLDL and/or chylomicrons, and/or the increased trig-
lyceride synthesis from either preformed or newly synthe-
sized fatty acid and secretion from the liver [28-30]. Evi-
dence of the enhancement of primary saturated fatty acid
palmitate synthesis in a high-carbohydrate, low-fat diet
was reported by Hudgkin et al. [31].

Our findings indicate that young Indonesian patients with
a significant CAD have a significantly higher carbohyd-
rate intake than those without CAD. Whether this finding
represents the real population remains speculative at
present. The limitations of this study may be as a result of
the small number of subjects and because the results are
based upon one center. Further study with a larger num-
ber of subjects and/or a multicenter study are warranted to
re-affirm the findings in this present study. Lifestyle and
biochemical data might be modified before and after
onset of coronary artery disease, and the association
between dietary intake profile and CAD could be be
occured reversed. Nevertheless, several findings [9,10,-
17–23] corroborate the suggestion that in addition to the
smoking habit, a high carbohydrate intake could be an
important risk factor for a significant coronary artery dis-
ease in young Indonesian patients.
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