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ABSTRACT

Objectives: The prevalence of hypertension, diabetes mellitus, dyslipidemia, and obesity in developing countries was high regardless the socioeconomic 
status, whereas the awareness and the control of these metabolic disorders were inadequate. The aim was to compare the cardiovascular risk based 
on numbers of metabolic disorders among lower socioeconomic subjects.

Methods: The study was done with the analytical cross-sectional method. The subjects were selected with cluster random sampling from four villages. 
We included the subjects of 30-65 years old and signed the informed consent but excluded the subjects who had not fasted for 8-10 hrs. We analyzed 
the cardiovascular parameters among groups with ANOVA statistics, the difference between actual and heart vascular age (HVA) with paired t-test, 
and the change of six cardiovascular parameters with radar diagram.

Results: The eligible subjects (n=222) comprised 0-4 metabolic disorders at 25.2%, 33.8%, 28.8%, 9.9%, and 1.8%, respectively; with age at 
50.1±9.0 years; body mass index (BMI) 24.1±4.8 kg/m2; blood pressure (BP) 141.6±23.4/82.8±11.7 mmHg; fasting blood sugar (FBS) 98.7±37.4 mg/dL; 
total and high-density lipoprotein cholesterol 201.0±37.9 and 55.1±12.7 mg/dL; Framingham score was 11.4±8.9% (referred as medium risk); the 
difference between actual and HVA at 13.2±13.0 (p<0.05). Increasing metabolic disorders lead to higher BP, FBS, cholesterol, Framingham score, and 
the difference between actual and HVA (p<0.05) excluding BMI in the four metabolic disorder subgroup.

Conclusion: The subjects had the medium cardiovascular risk with above normal BMI, BP, and total cholesterol profiles. The average age, BP, FBS, 
cholesterol, Framingham score, and HVA were likely to increase equivalent to the numbers of metabolic disorders.
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INTRODUCTION

Metabolic disorders of hypertension, diabetes mellitus (DM), 
dyslipidemia, and obesity remarkably increased among the 
population across nationwide in Indonesia including in poorer 
socioeconomic community and rural area [1-5]. An epidemiology 
study among hypertension individuals (n=4950) in a developed 
country showed the prevalence and awareness were relatively low 
at 23.3% and 33.7%, whereas therapy and control of hypertension 
were found at 59.4% and 41.9%, respectively [6]. As a comparison, 
the hypertension prevalence and awareness in developing country 
(n=1000) were found similar at 36.7% and 34.6%, with relatively 
high therapy rate at 68.5%, but low blood pressure (BP) control 
at 24.1% [7]. Those studies showed the difficulty in achieving the 
therapy target of one metabolic disorder. It was likely more difficult 
to reach the therapy target of the three condition simultaneously. In a 
cohort study conducted in two health system, it was found only 16% 
and 30% individuals with A1C <7%, BP <140/90  mmHg, and low-
density cholesterol <100 mg/dl [8].

Obesity had been reclassified as a disease since 2013. It raised new 
morbidities from hypertension, DM, dyslipidemia, and other diseases [9]. 
The obesity caused the extreme socioeconomic problems which result 
in negative economic growth implication. The socioeconomic problems 
were also augmented by inequity healthy living standard, poor food 
intake, and lack of physical exercise [1,4].

Hypertension, DM, dyslipidemia, and obesity, known as metabolic 
disorders, alone or all together become the definite risk to cause 

atherosclerotic cardiovascular disease or ASCVD [10-12], a newer 
term for cardiovascular disease [13,14]. The hypertension was 
attributed as the highest health burden, particularly in the low and 
middle-income countries [11,15]. Meanwhile, DM was strongly 
related to macrovascular complications of ASCVD. Intensive early 
therapy of Type 2 DM prevented long-term ASCVD rates in 10-year 
follow-up for both primary and secondary events [14,16]. Besides DM 
and hypertension, dyslipidemia is also a significant atherosclerotic 
factor. Appropriate therapy for these metabolic disorders may may 
slow down the progression of various ASCVD including coronary 
arterial disease and stroke [13,17].

The cardiovascular disease covered almost half of the noncommunicable 
disease [17] with the highest incidence in low-income countries 
including Indonesia. [18] The annual cardiovascular mortality rate was 
predicted to increase from 17.3 million to >23.6 million by the year 
2030 [11]. Framingham score predicts the 10-year risk of cardiovascular 
mortality and morbidity. The metabolic disorders of hypertension, DM, 
and dyslipidemia were the predictors of Framingham score [10].

The value of Framingham score can be used for cardiovascular therapy 
evaluation. A study done in developed countries showed that about a 
half of the subjects received unnecessary hypertensive therapy due to 
low cardiovascular risk, whereas 33.6% of the subjects did not receive 
therapy at nearly 20% CVD risk [6]. This study aimed to compare 
the cardiovascular risk calculated as Framingham score and other 
cardiovascular parameters based on numbers of the metabolic disorder 
among the subjects among the subjects with lower socioeconomic 
status.
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METHODS

The study was done with the cross-sectional design in four study 
villages selected with stratified random sampling in the Sleman district 
of Yogyakarta. Subjects were selected with cluster random sampling 
with the criteria of 30-65 years old, signed the informed consent, and 
with the ability of verbal communication, whereas the subjects who had 
not followed the 8-10 hours fasting procedure were excluded.

The study protocol was approved by the Ethic Committee of Gadjah Mada 
University with the ethical clearance ref No: KE/FK/043/EC/2016. 
Questionnaires and instruments were validated before the study. The 
subject candidates were invited with fasting instruction to study sites. 
The blood specimen for total and high-density lipoprotein cholesterol 
(HDL-c), blood sugar, BP, body mass index (BMI), and some related 
to cardiovascular profile were taken in the study sites, and the blood 
specimen was measured in a clinical laboratory.

The analysis was performed on the cardiovascular risk factors adapted 
from ESH/ESC 2013 guideline [19] and Framingham score from NCEP-
ATP III standard [10]. The profiles of gender, smoking, exercise, and 
diet were analyzed descriptively. The family history of premature 
cardiovascular disease was dropped from the analysis because the 
variable was not well-recognized by the subjects.

Smoking variable covered both of active and passive smoking. 
Exercise was defined as the sport activities at least once a week for 
more 30  minutes because almost no subjects exercised or had sport 
activities on most days in a week according to dietary approach to 
stop hypertension (DASH) program. Managed healthy diet was defined 
as getting ≥8 scores from favorable answers of 11 questions based on 
adjusted DASH program obtained during the subject interview [14,19].

The subjects were grouped based on the numbers of metabolic 
disorders from 0 (healthy) to 4 disorders. The metabolic disorders and 
the threshold were defined as follow: (a) High BP determined by BP 
≥140/90 mmHg, (b) hyperglycemia determined by fasting blood sugar 
(FBS) at ≥126 mg/dL, (c) dyslipidemia determined with total cholesterol 
at ≥240 and/or HDL-c at ≤40 mg/dL, and (d) overweight and obesity 
determined by BMI at threshold at ≥23  kg/m2 and ≥25  kg/m2. The 
cardiovascular parameters between groups were analyzed by ANOVA 
statistics followed by least significant difference post-hoc test. The 
number of therapy was counted based on the metabolic disorders, for 
example, the combination therapy in a particular metabolic disorder 
was counted as one item.

Further on, the subjects were calculated for the Framingham score 
as the 10-year prediction risk in percentage and heart-vascular age 
(HVA) using Excel program calculator from Framingham study [20]. In 
this calculation, the higher Framingham score than 30% was rounded 
as 30% and the value was finally stratified into <10%; 10-<20%; and 
≥20% known as low; moderate; and high risk respectively [10]. The 
difference between HVA and actual age was analyzed with paired t-test. 
All statistic calculation was done with 95% significance.

The change of the cardiovascular parameters, i.e.,  the age, BP, blood 
sugar level, cholesterol level, BMI, and Framingham score was depicted 
in radar diagram. The cardiovascular parameters were transformed 
from ratio data into four categorical data within 1-4 notch scales 
of low, moderate, high, and very high categorical risk (referred to 
hereafter as risk stratification). The threshold of high-risk stratification 
was adapted from ESH/ESC 2013 threshold for factors influencing 
prognosis and stratification of cardiovascular risk [18] except for BMI 
taken from WHO standard for Asian people [19,21]. The stratification 
of Framingham score originally had 3 levels but modified into 4 levels 
in this study (Table 1).

The study had the limitation that the metabolic disorders were 
presented by FBS, HDL-c, total cholesterol, BMI, and BP. The three earlier 
mentioned parameters were measured by the accredited independent 

clinical laboratory, whereas the BMI and BP were measured in the 
study sites, the BP was measured for twice at >2 minutes interval. The 
determination of metabolic disorders generally needed confirmation 
although the confirmation measurement in the community setting will 
be difficult to proceed with potential high dropout.

RESULTS

The eligible subjects (n=222) were from a rural area in Sleman district 
of Yogyakarta Indonesia that represented a lower socialeconomic status.

The prevalence of metabolic disorders from the highest to lowest was 
overweight, hypertension, hyperlipidemia, and hyperglycemia. Profile 
hypertension in this study was similar to the previous studies with 
high prevalence but low awareness and therapy [6,7,22]. Meanwhile, 
the prevalence of DM at 9.5% was higher than the prevalence from the 
previous study in Indonesia among the population above 18 years old 
at 5.6% [3]. The different DM prevalence was likely related to older 
subjects in this study at 30-65 years old. There were more individuals 
of high BP and dyslipidemia subjects not aware or not treated than 
DM subjects. The study showed a lack of awareness and control of the 
metabolic disease.

In this study, the BMI of 23 and 25 kg/m2 was used as the threshold 
for overweight and obese based on the WHO standard for Asian 
population [21]. Using the lower threshold, the overweight and obese 
subjects reached 56.3%. The obesity exaggerated the other existing 
metabolic disorders to raise the cardiovascular diseases [9] (Table 2).

Some cardiovascular parameters including diastolic blood 
pressure (DBP), pulse, FBS; and HDL-c were found in relatively low 
cardiovascular risk, whereas the rest parameters were likely at high 
risk. In hypertension, the age risk factor on male adults was at 55-year-
old younger than female adults at the age 65-year-old [19]. The age 
difference of risk was also different between genders for dyslipidemia 
with the age for male subjects at 45 years younger than female subjects 
at 55 years old. The average BMI at 24.1±4.8 kg/m2, in this study, was 
higher than the survey among the rural population in Indonesia done 
in 2007, i.e., male 21.43±3.20 kg/m2 and female 22.89±4.18 kg/m2 [4].

The subjects had the average total cholesterol level higher than the 
threshold at 190 mg/dL and higher cholesterol level than the finding 
from the previous study among Indonesia population (n=222) at 
188.58 mg/dL for total cholesterol and 49.18 mg/dl for HDL-c [2]. The 
ratio between total and HDL-c was normal (lower than 5) but higher 
than the optimal value at <3.5 ratio [23]. The subjects had relatively 
poor lifestyle based on the parameter of smoking, exercise, and diet. 
Smoking, lack of exercise, and healthy diet increased incidence of 
cardiovascular risk [14,24].

Cardiovascular parameters including age, SBP/DBP, pulse, blood 
glucose, total cholesterol, ratio of total HDL-c, and Framingham score 
increased according to the increased number of metabolic disorders. 
In the evaluation of a 10-year prediction of cardiovascular risk using 
Framingham score, the subjects were classified as medium risk. From 
the Framingham score calculation, it was also obtained the HVA. The HVA 
was higher than the threshold for both male and female cardiovascular 
risk age, and the HVA was also significantly higher than the actual age 
for more than a decade (p<0.05). Except for the healthy subject group, 
the groups with 1 to 4 metabolic disorders had the significantly higher 
HVA than their actual age (p<0.01). The highest difference was found in 
the group with 3 metabolic disorders (Table 3).

We stratified the six cardiovascular parameters of age, BMI, BP, blood 
sugar, cholesterol, and Framingham score according to the categorical 
scale (Table  1). The overall risk of the six cardiovascular parameters 
was depicted with a radar diagram. From the diagram, we found the 
more metabolic disorders had the higher cardiovascular risk, except 
for BMI parameter. The increased risk due to BMI was not linear in the 
group with 4 metabolic disorders (Fig. 1).
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DISCUSSION

The subjects had the mean Framingham score at almost 20%, nearly 
75% subjects with at least 1 metabolic disorder, but received the 
very low rate of therapy at mean 0.26±0.63 items of medicine. The 
findings were similar to the previous studies regarding the high 
prevalence of metabolic disorders and the inadequate therapy 
among the low socioeconomic status regardless the area [18,25]. 
Another study done in Latin America, India, and China also showed 
the high prevalence of hypertension among subjects in a rural area 
at 42.6-56.9%, but the prevalence was still lower than that in urban 
areas at 52.6-79.8% [26].

To observe the various cardiovascular parameters simultaneously 
could provide more comprehensive understanding of the 
cardiovascular risk than using a single parameter. Framingham score 
described the cardiovascular risk due to seven parameters. The value 
was applicable for the evaluation on the need for initiation and/or 
maintenance therapy and to avoid the unnecessary therapy or the 
deficiency of therapy [6].

The subjects failed to control the diseases due to lack of disease 
awareness, without health insurance, poor quality of lifestyle and 
therapy, and low persistence of therapy [14,24,27,28]. The quality of 
therapy was described with the type and regimen of therapy. In this 
study, most subjects were unaware of the disease and/or did not 
have routine therapy. Among those who received therapy, most of the 
subjects did not recognize the composition of medicine. The subjects 
merely knew the therapy indicated for hypertension, DM, and/or 
dyslipidemia; therefore, medication selection was not able to be 
discussed in this study.

Among the 4 metabolic disorders, DM had the most proportion of 
subjects received therapy and also relatively higher proportion of 
disease control rate than hypertension subjects, though the result 
needed further confirmation due to the sample size. Hypertension 
and hyperlipidemia were attributed as silent killers and generally had 
no symptoms, whereas the hyperglycemia existed in more overt and 
severe symptoms. The findings were similar to the previous studies 
from other countries [22,25].

The study showed a low rate of the metabolic disease awareness and 
control. BP control was poor regardless the area of study. The studies 
showed the difficulty in achieving the therapeutic target of 1 metabolic 
disorder. It was much more difficult to reach the therapeutic target 
of the 3 condition simultaneously. In a cohort study done in 2 health 
system, there were only 16% and 30% individuals with A1C <7%, BP 
<140/90 mmHg, and low-density cholesterol <100 mg/dL [8].

In the rural area, the subjects lived in less stressful region with 
stronger social interaction with neighbors, more physical works, and 
daily chores, less animal protein or fat or dairy product intake but 
the subjects encountered the paradoxical high cardiovascular risk 
score. The findings had likely related to unhealthy lifestyle based on 
the following: Almost one-half smokers, only one-half subjects doing 
exercise for 30 minutes or more weekly and almost no subjects doing 
exercise according to DASH program [14]. The low rate adherence to the 
healthy diet, physical exercise, and therapy was likely to the subject’s 
socioeconomic status including educational background and monthly 
income [29].

Regarding the food intake, the subjects were known to have medium 
to high proportion of carbohydrate from rice, 1-3 glasses of tea 
with sugar daily, and low to medium proportion of green vegetables 
or fruit. Further on, the community preferred the overcooked 
vegetables, frequent meal cooked with coconut milk, and with thick 
sugar composition. The protein was mostly from tempeh and less 
often from tofu. These two soya protein preparations were actually 
healthy, but the food was commonly served as deep-fried or rich in 
fat menu. The lifestyle findings were likely to relate to the subject’s 
cardiovascular parameters with mean Framingham score at medium 
risk category.

Table 1. Four scale stratification of the cardiovascular parameters

Variables Stratification of risk 

1 (low) 2 (moderate) 3 (high)*1 4 (very high)
Age years old 30‑<40 40‑<50 50‑<60*2 ≥60
BMI kg/m2 <23 23‑<25 25‑<35*3 ≥35
SBPmmHg/ 100‑119/ 120‑139/ 140‑159/ ≥160/
DBPmmHg 70‑79 80‑89 90‑99 ≥100
FBSmg/dl ≤90 91‑99 100‑125 ≥126 
Total‑C mg/dl
HDL‑C mg/dl

<130 130‑189 190‑239*4 ≥240
Male: ≥60
Female: ≥70

Male: 40‑59
Female: 50‑69

Male: 30‑39
Female: 40‑49

Male: <30
Female: <40

Framingham score% <10 10‑<20 20‑30*5 ≥30
*1) Stratification mostly used the modified standard from ESH‑ESC 2013 cardiovascular risk stratification [19].*2) The age of cardiovascular risk was≥55 years for 
male and≥65 for female ESH‑ESC 2013 standard.*3) BMI was standard for Asian people [21].*4) Cholesterol categorical score was determined by the worse value.*5) 
Framingham score 10‑year prediction has only 3 categorical scores without very high category [10]. 

Table 2. Profile of subjects in proportion (%)

Variables Proportion (%)
Prevalence metabolic disorders:

0 disorder (healthy) 25.2
1 disorder 33.8
2 disorders 28.8
3 disorders 9.9
4 disorders 1.8

Male 22.5
High blood pressure (140/90mmHg) 46.4

Received therapy within high blood pressure 
subjects

26.2

Good control within received therapy subjects 11.1
Hyperglycemia (Fasting blood sugar≥125mg/dl) 9.9

Received therapy within hyperglycemia subjects 50.0
Good control within received therapy subjects 36.4

Dyslipidemia* 17.6
Received therapy within dyslipidemia subjects 5.1
Good control within received therapy subjects 100

Overweight and Obese** 56.3
Framingham Score (10‑year CVD event 
prediction in %)

<10: low risk 58.1
10‑<20: medium risk 24.3
≥20: high risk (including≥30: very high risk) 17.6 (10.8)

Smoke (active & passive ) 49.1
Exercise≥1/week at least 30 minutes*** 49.5
Manage healthy diet 45.0
* Total/HDL‑cholesterol threshold for male and female: ≥190/≤50mg/dl 
and≥190/≤40mg/dl;** no pharmacology therapy; ***modified from DASH 
standard
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In all observed cardiovascular parameters, the subjects with metabolic 
disorders had significantly worse value than no metabolic disorders. 
The worse values of the metabolic disorders were equal to the more 
metabolic disorders of the subjects except for the BMI parameter. The 
BMI parameter, particularly in the groups of 4 metabolic disorders, had 
the inverse value. This finding was likely related to the oldest age of the 
subjects in this group. Elderly was likely to be in the inanition condition 
with the loss of musculoskeletal mass [30,31]. Therefore, the eldest 
group had lower BMI parameter than the group of 2 and 3 metabolic 
disorders as depicted the depressed curve in radar diagram. The 
findings in this group needed further confirmation due to the limited 
sample size in the eldest group of subjects.

Parameters of age, systolic/diastolic BP, pulse, FBS, total and HDL-c, 
ratio of total/HDL-c, Framingham score, HVA, and partial BMI were 
related to number of metabolic disorders. The subjects with mean 
BP at 141.6/82.8  mmHg and total cholesterol at 201  mg/dL were 
above the normal range. The ESH/ESC standard stratified risk 
as the following: (a) High risk: SBP/DBP ≥180/≥110  mmHg or 
160-179/100-109 mmHg plus 3 or more risk factors, (b) moderate to 
high risk: BP ≥140-159/90-99  mmHg plus 3 or more risk factors or 
160-179/100-109 mmHg plus 2 or more risk factors [19]. Based on the 
variables of BP level, mean 1.3 metabolic disorders, relatively old age 
for male, high smoking prevalence, and medium Framingham score, the 
subjects were considered as moderate risk of cardiovascular risk.

Fig. 1: Radar diagram of six cardiovascular parameters based on stratification of metabolic disorders. Fram score=Framingham score 
or 10 year cardiovascular disease-risk prediction, CHOL: Total and high density lipoprotein cholesterol, BP: Systolic/diastolic BP, 

FBS: Fasting blood sugar, disorder(s)=metabolic disorder. Stratification based on the value in Table 1

Table 3: Comparison cardiovascular parameters of subjects based on number of metabolic disorders

Cardiovascular 
parameter

Profiles among groups based on number of metabolic disorders

0 disorder (n=56) 1 disorder (n=74) 2 disorders (n=66) 3 disorders (n=22) 4 disorders (n=4) Total 
subjects (n=222)

Age (actual) y.o 48.0±9.8 49.6±9.6 51.4±7.9* 51.5±7.8 59.0±1.8* 50.1±9.0
Male: 53.0±8.1
Female: 49.2±9.1

BMI kg/m2* 19.8±2.3 23.8±4.2* 26.9±4.3* 27.6±4.6* 25.4±2.2* 24.1±4.8
SBP mmHg* 123.1±9.1 138.9±22.0* 150.8±21.5* 163.0±20.3* 180.8±12.0* 141.6±23.4
DBP mmHg* 72.4±6.5 82.7±10.6* 87.8±10.3* 91.6±9.1* 100.5±11.6* 82.8±11.7
Pulse (×/min)* 77.8±10.8 83.7±12.4* 85.2±12.8* 84.7±11.0* 86.0±14.9 82.8±12.3
FBS mg/dl* 86.6±8.1 89.8±23.1 110.7±53.0* 115.5±47.0* 140.0±19.9* 98.7±37.4
Total‑C mg/dl* 184.5±23.5 193.5±36.4 209.1±37.0* 231.6±36.3* 265.8±34.4* 201.0±37.9
HDL‑c mg/dl 58.9±13.1 54.8±12.3 53.6±12.0* 52.9±12.7 45.0±16.9* 55.1±12.7
Ratio total/HDL‑c* 3.3±0.8 3.7±0.9* 4.1±1.0* 4.6±1.2* 6.4±1.8* 3.8±1.1
Therapy (items of 
medicine)

0±0 0.16±0.43 0.35±0.62 0.82±1.03 1.25±1.64 0.26±0.63

Framingham score%* 5.8±4.3 9.9±8.7* 14.0±8.4* 19.0±8.1* 30.0±0.0* 11.4±8.9
HVA y.o.* 49.6±12.6 60.2±17.3* 71.4±13.7* 80.8±7.3* 85.0±0.0* 63.3±17.6
Difference: 
HVA‑actual age y.o*

1.6±7.5 10.5±10.8* 20.0±10.4* 29.3±7.9* 26.0±1.8* 13.2±13.0

Data were presented in mean±SD; SD: standard deviation, y.o: Years old, BMI: Body mass index, SBP/DBP: Systolic blood pressure/diastolic blood pressure,  
Total‑C/HDL‑c: Total cholesterol/high density lipoprotein cholesterol, HVA: Heart‑vascular age, mean number of metabolic disorders: 1.3±1.0, *p<0.05 ANOVA and 
post‑hoc least significant difference compared to healthy subjects
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Finally, we found that both pharmacology and non-pharmacology 
management for the metabolic disorders were insufficient in this 
study. The high prevalence of metabolic disorders will cause health 
burden in future. We propose an intervention to increase the subject 
disease knowledge and awareness, and therapy persistence, because 
of the improvement of disease detection, therapy quality increase the 
control of the metabolic disorders [25,28] and to avoid the adverse 
clinical outcome of the disease in the future [17]. A randomized control 
trial of health training program had recognized the improvement of 
the DM, hypertension, and hyperlipidemia among the low-income 
individuals  [30]. We also recommend a further the study involving 
more variables of observation.

CONCLUSION

The subjects had the mean 10-year cardiovascular risk prediction 
with Framingham score at 11.4±8.9% and categorized as a medium 
cardiovascular risk, and the mean systolic BP, total cholesterol level, and 
calculated HVA were higher than the normal range. The six parameters 
of actual age, Blood pressure, cholesterol, Framingham score, and heart 
and vascular age increased equal to the number of metabolic disorders 
but excluded BMI in the group with very high-risk stratification.
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