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Introduction
The metabolic syndrome  (MetS) is the 
multiplex risk factor of cardiovascular 
disease  (CVD). It was estimated that 
25% of the adult population worldwide 
have MetS similar to 24% of the Thai 
population.[1,2] These patients carried three 
times higher risk of CVD compared to 
those without MetS.[1] Impaired fasting 
plasma glucose  (IFG) was found in 
7.1% of patients with MetS and kept 
increasing with age up to 77.2% in the 
aging population.[3‑5] IFG is the risk factor 
for diabetes mellitus  (DM) and CVD and 
increased risk of cardiovascular mortality as 
well as all‑cause mortality.[6]

Genetic factors were postulated as 
the common risk factors of CVD and 
DM. Impaired intracellular transport of 
cholesterol in type  2 DM was caused 
by Apo B gene mutations, while the 
atherosclerotic plaque was associated with 
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Abstract
Background: Impaired fasting plasma glucose  (IFG) as well as diabetes mellitus  (DM) may 
influence the presence of another metabolic syndrome  (MetS) components resulting in the different 
risk of cardiovascular  (CV) morbidity and mortality. This study aimed to determine the impact of 
IFG as well as DM on the 10‑year CV risk using Thai CV risk score and primary prevention in 
complying with CV risk score in these patients. Methods: This cross‑sectional study was conducted 
at the internal medicine clinic, Pathum Thani Hospital, Thailand. The study was approved by the 
hospital ethics committee and written informed consent was obtained from all patients. Patients 
having MetS according to the criteria of the International Diabetes Federation were enrolled while 
those with a history of CVD were excluded. The 10‑year CV risk was assessed using the Thai CV 
risk score. Results: The total of 112  patients were enrolled in the study. They were in old age and 
female sex was a significantly higher proportion  (61.70% vs 35.50%, P = 0.013). Of these, 72.32% 
had IFG or DM. Proportions of patients with moderate and high CV risk score were significantly 
greater in IFG/DM group and only 34.48% and 79.31% of patients with moderate or high CV risk 
score received aspirin and statin. IFG or DM significantly elevated CV risk score  (OR = 6.66, 95% 
CI = 2.29, 19.58). Conclusions: IFG/DM significantly elevated CV risk score in these patients with 
the strongest impact. The assessment of CV risk is highly recommended for primary prevention and 
long‑term CVD benefit.
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high‑mobility group  A  (HMGA1), a group 
of chromosomal proteins. Moreover, there 
was a correlation between DNA methylation 
and obesity as well as CV risk. There 
were many gene expressions associated 
with vascular damages. Reactive oxygen 
species induced epigenetic modifications 
are associated with endothelial dysfunction 
and vascular damages. Abnormal 
microRNA (miRNA) expression also 
led to endothelial dysfunction, loss of 
vascular smooth muscle cell contractility 
and proliferative; and migratory properties, 
accelerating the onset of CVD. In addition, 
abnormal long noncoding RNA  (lncRNAs) 
expression led to microvascular and 
macrovascular damages, promoting 
endothelial dysfunction. Furthermore, 
the downregulation of miRNA increased 
platelet reactivity and aggregation while the 
upregulation of SREBP‑1 and FAAS genes 
by miRNA caused abnormal cholesterol 
homeostasis, increased fatty acid, and 
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triglyceride synthesis. Reduction of miR‑26a increased fatty 
acid synthesis and obesity‑related metabolic complications. 
IFG and type  2 DM were found to be significantly 
associated with single nucleotide polymorphisms  (SNPs). 
In the IFG and type  2 DM patients, HbA1c, homeostatic 
model assessment for insulin resistance  (HOMA‑IR), 
8‑epi‑prostaglandin F2α  (8‑epi‑PGF2α) and plasma 
malondialdehyde  (MDA) showed significant positive 
correlations with weighted genetic risk score (wGRS).[7]

The study in the Korean population showed that the wGRS 
constructed from SNP has been associated with the fasting 
plasma glucose (FPG) levels, HbA1c levels and type 2 DM. 
Furthermore, it was strongly and significantly associated 
with the concentrations of urinary 8‑epi‑PGF2α and MDA, 
the lipid peroxidation biomarker and oxidative stress.[8]

Several estimators for the 10‑year cardiovascular  (CV) 
risk were constructed especially, in European countries. 
However, it was overestimated in the Thai population due 
to different risk profiles among ethnics. Consequently, the 
Thai CV risk score was developed. Therefore, this study 
aimed to determine the impact of IFG as well as DM on 
the 10‑year CV risk using Thai CV risk score and primary 
prevention in complying with CV risk score in these 
patients.

Methods
Study design and study participants

This cross‑sectional study was conducted at the internal 
medicine clinic at the outpatient department, Pathum Thani 
Hospital, Thailand. The study was approved by the hospital 
ethics committee  (0032.203.3/17159). Study information 
was provided by verbal and participant information sheets 
before obtaining written informed consent. None of the 
participants’ names, initials, or hospital numbers were 
mentioned elsewhere except in the logbook.

We enrolled patients having the MetS according to the 
criteria of the International Diabetes Federation  (IDF) 
2006.[1] Patients previously diagnosed with CVD were 
excluded.

The primary objective of the study was to determine the 
impact of IFG as well as DM on the 10‑year CV risk. 
According to the previous study, impaired fasting plasma 
glucose (IFG) was found in 7.1% of patients with MetS.[3] 
Therefore the prevalence of 7% is estimated to obtain from 
this study, with a 95% confidence interval  (CI) and the 
precision to be within 5% of the true value with expected 
10% loss to follow‑up.

The sample size calculation is stated as below:

n z p p
d

=
× × (1 )2

2

−

whereas:

n = sample size

z = 1.96 (α = 0.05)

p = the prevalence of IFG

d = error allowance

A required sample size of at least 110 MetS patients was 
enrolled in our study.

Study procedures
A simple random sampling method was used in the present 
study. The patients who met the eligible criteria were 
randomly selected. A  face‑to‑face interview was conducted 
to obtain sociodemographic characteristics. Clinical 
characteristics were obtained from the medical records and 
laboratory data were obtained from laboratory reports within 
3 months preceding the interview. The 10‑year CV risk was 
assessed using Thai CV risk score, the online calculator; 
available from https://med.mahidol.ac.th/cardio_vascular_
risk/thai_cv_risk_score/tcvrs_en.html. The model variables 
consist of age, sex, total cholesterol, DM, BP, and smoking. 
Waist circumstance was considered if total cholesterol 
was not available. The risk categories used to describe the 
probability of CVD within the next 10 years were as follow: 
<10%: low; 10–  <20%: moderate; 20–  <30%: high risk; 
30– <40%: very high risk and >40%: extremely high risk.

Statistical analysis

Data analysis was carried out using a statistical software 
package SPSS 15.0  (SPSS, Chicago, IL). Categorical 
variables were summarized as frequencies and percentages 
and then analyzed using the Chi‑square test or Fisher’s 
exact test. Continuous variables were summarized as 
mean and 95% CI or median and interquartile range (IQR) 
values and compared using t‑test or the Mann Whitney 
U‑test where appropriate. All variables with a statistically 
significant relationship with IFG/DM were included in the 
logistic regression model and the variables with statistical 
significance indicated “the association” to the 10‑year CV 
risk score. All tests for significance were two‑sided and 
P < 0.05 was considered the statistical significance.

Results
Table  1 describes the sociodemographic characteristics 
of patients. A  total of 112  patients were enrolled in the 
study. Patients with IFG/DM were slightly older than those 
without IFG/DM  (60.51 vs 58.58  years old, P  =  0.589) 
and female patients were predominant and significantly 
higher in proportion in IFG/DM group  (50  (61.70%) vs 
11  (35.50%), P  =  0.013). Proportion of patients with 
unemployment  (50  (61.70%) vs 10  (32.30%), P  =  0.005) 
and having low income were significantly higher in 
IFG/DM group (52 (64.20%) vs 11 (35.50%), P = 0.006).

Table  2 described the 10‑year CV risk score of patients 
with metabolic syndrome. Proportions of patients with 
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moderate and high CV risk scores were significantly greater 
in IFG/DM group. Figure  1 illustrates primary prevention 
by aspirin or statins stratified by the 10‑year CV risk score. 
Of 58  patients with a moderate or high CV risk score, 
20  patients  (34.48%) and 46  patients  (79.31%) received 
ASA and statin, respectively. Table  3 described multiple 
logistic regression analysis of the variables associated with 
the 10‑year CV risk score. IFG/DM showed the strongest 
association with CV risk in patients with MetS (OR = 6.69, 
95% CI = 2.28, 19.58) followed by raised BP or HPT 
component (OR = 4.42, 95% CI = 1.48, 13.18).

Discussion
In patients with MetS, IFG or DM was associated with 
a moderate and high CV risk score. It was reported that 
the measurement of 10‑year CV risk has been shown to 
decrease CV morbidity and mortality in US adults with 
diabetes.[9]

Though the assessment of CV risk is encouraged for all 
patients carrying risk factors, it is rarely performed in 
routine practice due to excessive workload. To overcome 
this situation, patients at highest risk should be identified. 
Since MetS components are the multiplex risk factors of 
CVD, the impact of each MetS component on CV risk 
should be identified to develop the screening criteria for 
CV risk assessment.

The prevalence of the IFG/DM component was higher 
in our study compared to the previous study according 
to IDF criteria  (72.32% vs  ~50%) because BMI cutoff 
for the Thai population was lower.[10,11] IFG/DM was 
the greatest CV risk consistent with earlier studies.[12,13] 
Hyperglycemia can cause cardiovascular complications.[14] 
Therefore, well‑controlled FPG should be encouraged 
for long‑term cardiovascular benefit especially, in 
DM patients.[15] IFG was significantly associated 
with total CHD events with a stronger association in 
females compared to males contrasting to our study 
due to different definitions of MetS.[15] However, other 
previous study showed that IFG increased the risk of 
IHD in males but not in females which supported our 

findings.[16] Similarly, Thai males possessed greater risk 
factors of CVD than females such as smoking, drinking, 
and physical inactivity.[17] However, the results did show 
that MetS and DM, the strong risk factors of CVD, 
highlighted the need for CV risk assessment, regardless 
of other risk factors.[18]

In the previous study, the level of education showed the 
inverse relationship with Framingham’s risk score while 
obesity significant increased Framingham’s risk score 
different from this study.[19] Different diagnostic criteria 
for DM and MetS may be responsible for this discrepancy. 

Table 1: Sociodemographic characteristics of patients with MetS (n=112)
Characteristics Impaired fasting glucose/diabetes mellitus

Yes (%); n=81 No (%); n=31 P
Age (mean; 95% CI) 60.51; 58.19, 62.82 58.58; 55.16, 62.00 0.589
Female 50 (61.70) 11 (35.50) 0.013
BMI (median; IQR) 29.78; 26.64‑34.68 27.11; 24.98‑31.22 0.123
Occupation: housewife/retired 50 (61.70) 10 (32.30) 0.005
Low income* 52 (64.20) 11 (35.50) 0.006
Low education† 78 (89.70) 21 (84.00) 0.482
Married 60 (69.00) 19 (76.00) 0.497
Smoker 4 (4.90) 10 (32.30) 0.511
Alcohol 26 (32.10) 15 (48.80) 0.109
Family history of CVD 6 (7.40) 2 (6.50) 1.000
*Less than national income per capita, †Less than basic education, CI=Confident interval, IQR=Inter quartile range

Table 2: The 10‑year CV risk score of patients with 
MetS

The 10‑year 
CV risk score

IFG/DM P
Yes (%); n=81 No (%); n=31

CV risk score 0.001
<10% 31 (38.30) 23 (74.20) <0.001*
10‑<20% 39 (48.10) 8 (25.80) 0.040*
20‑<30% 11 (13.60) 0 0.030*
Male 31 (60.78) 20 (39.22) 0.062
<10% 11 (35.48) 12 (60.00) 0.090†

10‑ <20% 14 (45.16) 8 (40.00) 0.720†

20‑ <30% 6 (19.35) 0 0.040†

Female 50 (81.97) 11 (18.03) 0.002
<10% 20 (40.00) 11 (100.00) <0.001†

10‑<20% 25 (50.00) 0 <0.001†

20‑<30% 5 (10.00) 0 0.280†

*Adjusted P; Bonferroni corrected P<0.008 indicated significance. 
†Adjusted P; Bonferroni corrected P<0.004 indicated significance

Table 3: Multiple logistic regression analysis of the 
variables associated with the 10‑year CV risk score in 

patients with MetS
Variables Odd ratio (95% CI) P
Raised FPG/DM 6.69 (2.28, 19.58) 0.001
Raised BP/treatment of HPT 4.42 (1.48, 13.18) 0.006
Male 4.35 (14.29, 1.35) 0.005
Low income 0.85 (0.11, 6.90) 0.090
CI=Confident interval
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Income level has been consistently associated with elevated 
CVD risk in European and Asian countries.[20] Financial 
barriers to obtaining healthcare critically influenced 
especially, in the socioeconomically disadvantaged 
group.[20] However, the universal health coverage provided 
to Thai people with low socioeconomic status can decrease 
the inequalities in obtaining healthcare services.

The 10‑year CV risk assessment is strongly recommended 
in CVD naïve patients with MetS especially, in those 
having IFG/DM. Low‑dose aspirin was recommended 
in those with a moderate or high CV risk score.[21] In 
addition, CVD naïve patients with the following criteria; 
40–75  years of age, ≥1 CVD risk factors and 10‑year 
CVD risk  ≥10%; were recommended low‑to‑moderate 
dose of statin.[22] Interestingly, more than 60% and 20% 
of our patients with moderate or high CV risk score did 
not receive aspirin and statin, respectively. It is urgent to 
encourage healthcare professionals for routine CV risk 
assessment. Training patients for self‑assessment could 
reduce healthcare professionals’ workload and enhance 
primary prevention for CVD. In addition, a significant 
association between unemployed elderly patients and 
IFG/DM was found due to insulin resistance from less 
physical activity.[23]

It is challenging to establish the assessment of the 10‑year 
CV risk as to the routine practice and the guidance for 
primary prevention. In addition, lifestyle therapy such as 
diet and physical activity should be implemented since 
they simultaneously reduce all components of MetS.[24] A 
systematic review of implementing these practices should 
be conducted. Furthermore, studies in different levels 
of the healthcare setting and the attitude of healthcare 
professionals toward primary prevention of CVD are 
fruitful.

It is important to be aware of some limitations. Recall 
bias was most likely since some information was obtained 
through interviews. Regarding gender differences, the 
impact of IFG/DM on CV risk score should be considered 
separately. Due to the selection bias, the impact of some 
variables on CV risk score may be misestimated.

Conclusions
In conclusion, IFG/DM was the strongest predictor of CV 
risk in CVD naïve patients with MetS. Thus, it can be the 
appropriate screening criteria for CV risk assessment in 
routine practice especially, in an ambulatory setting with 
excessive workload.
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