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Abstract: Many studies have sought to determine factors for predicting cardiovascular diseases (CVD), and it is already
known that metabolic syndrome increases the incidence and mortality rate of CVD. The purpose of this study was to
investigate the correlation between the three highs, which are hypertension, hyperglycemia, and hyperlipidemia on ten-
year risk of CVD for sex difference. A cross-sectional study design was adopted for the periods from August 2011 to
December 2013. Subjects were people who participated in an adult health check at a regional hospital in Pingtung City in
Southern Taiwan. The 10-year cardiovascular risk assessment of the Framingham Heart Study was used to calculate the

risk, with £10% indicating low risk, 11~20% medium risk, and >20% high risk. Multiple logistic regression analysis was

used to evaluate the effect that the three highs have on the 10-year risk of patients with cardiovascular diseases. The
results indicated that men aged 65 or older, smoke, drink, or chew betel nut had a significantly higher 10-year risk for
CVD; those with metabolic syndrome and its components also had a significantly higher 10-year risk for CVD.
Comparison of men and women found that those suffering from more of these conditions had a significantly higher 10-
year risk of CVD. Logistic regression analysis for males indicated the 10-year risk of CVD increased as hypertension,
hyperglycemia, and hyperlipidemia increased and the odds ratios were 3.44, 8.13, and 16.64, respectively. In conclusion,
hypertension, hyperglycemia, and hyperlipidemia are risk factor affecting the 10-year risk for CVD for both men and
women and men have a higher risk if they suffer from more than one of these conditions. Strict and proactive treatment
and control is necessary to reduce the incidence of cardiovascular disease.
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INTRODUCTION

Quick diagnosis and early treatment are important
when facing cardiovascular disease (CVD), especially
for patients who have had a myocardial infarction.
Hypertension, hyperglycemia, hyperlipidemia, and
metabolic syndrome are important factors impacting the
occurrence of cardiovascular disease. Past research has
noted that those with metabolic syndrome are twice as
likely to have CVD and five times as likely to have type
2 diabetes. While it is uncertain whether they share the
same pathophysiology, primary treatment is weight
loss, increased exercise, and proper medication to
prevent CVD [1, 2]. Metabolic syndrome is a
combination of hypertension, hyperglycemia, and
hyperlipidemia. Severe metabolic syndrome may
develop into diabetes and patients with metabolic
syndrome are over twice as at risk for atherosclerosis
than the average population [3].

Hypertension, hyperglycemia, and hyperlipidemia
are modern lifestyle diseases that occur due to
individual physique (age, ethnicity and genetic factors),
poor diet (high intake of oils and fats, cholesterol,
calories, sodium, and sugar), poor habits (such as
smoking and drinking), irregular sleep-wake cycles
(staying awake all night, sleeping late, or excessive
socialization), lack of exercise, and stress.

Previous studies have indicated that for rises in
blood pressure from 115/75 to 185/115mmHg, every
20/10mmHg increase doubles the risk for CVD. Blood
pressure should be maintained below 130/85mmHg;
reducing blood pressure can lower the incidence rates
for stroke 35-40%, for myocardial infarction 20-25%,
and for heart failure over 50% [4]. Diabetes increases
the burden on the heart as well as the risk of coronary
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artery disease. Past literature has found that those with
high cholesterol more likely suffer from coronary artery
disease [5, 6].

The Taiwan 2010 health indicator white paper
listed establishing a CVD prevention care system as a
key measure. Recent studies rarely focus on how the
number of conditions  between hypertension,
hyperglycemia, and hyperlipidemia affects the 10-year
risk for CVD for both men and women. Therefore, this
study investigated how hypertension, hyperglycemia,
and hyperlipidemia influences the 10-year risk for CVD
differently in middle-aged men and women in order to
help early prevention and reduce deterioration of health.

METHODS

This was a cross-sectional study that was
conducted between August 2011 and December 2013
focusing on adults who had received a health
examination at a regional hospital in Pingtung County,
Taiwan. Data for this study, including basic
information, physical examination data, and blood
work, was collected after receipt of Institutional Review
Board approval. Calculation of the 10-year risk for
CVD was completed using data from the Framingham
Heart Study [7]. All data, including age, gender, total
cholesterol, high-density lipoprotein (HDL), smoking
habit, systolic blood pressure, and current hypertension
medication, was entered into a website and a computer
was used to determine risk values. In this study, <10%
was defined as low risk, 11-20% was defined as
moderate risk, and >20% was defined as high risk.

Metabolic syndrome status was defined according
to the criteria set by the Health Promotion
Administration, Ministry of Health and Welfare in
2007. Any three of the following five criteria were
grounds for identifying metabolic syndrome:

(1) abdominal obesity: waist circumference (WC)
90 cm in men and _80 cm in women; (2) raised
triglycerides (TG): _150 mg/dL; (3) reduced HDL-C:
HDL-C <40 mg/dL in men and <50 mg/dL in women;
(4) hypertension: blood pressure of at least
130/85mmHg or taking antihypertensive medication;
and (5) raised fasting plasma glucose (FPG) _100
mg/dL and/or taking anti-glycemic medication.

The definitions for metabolic syndrome were used
to determine hypertension (blood pressure over
130/85mmHg or current use of medication to reduce
blood pressure), hyperglycemia (fasting blood sugar
>100mg/dL or current use of medication to reduce
blood sugar), and hyperlipidemia (abnormal HDL (men:
<40mg/dL; women: <50mg/dL) or triglycerides
>150mg/dL).

SPSS 17.0 software package was used for data
processing and statistical analysis. Chi-square tests
analyzed demographic characteristics, lifestyle habits,
and metabolic syndrome and its components to examine

discrepancies in the 10-year risk for CVD between
genders. Logistic regression analysis was also used to
investigate the influence the number of conditions had
on the 10-year risk for CVD.

RESULTS

Data for 10,206 individuals were chosen from the
2011-2013 health examination databases. The effective
sample was 8,957 after removing those who received
multiple health checks and those with incomplete
physiology, blood chemistry evaluations. Table 1
indicates that all variables reached statistical significant
differences (p<.001). The proportions of men at
moderate risk for CVD (11-20%) and at high risk for
CVD (>20%) were much higher than women (44.1%
vs. 8.3% and 23.4% vs. 1.5%, respectively). Among the
participants aged 65 or older, 39.5% were at moderate
risk for CVD and 25.9% were at high risk for CVD;
these was significantly higher than for those under the
age of 65. Participants, who smoked, drank, or chewed
betel nut had higher 10-year risk for CVD than those
who did not. Participants with abnormal metabolic
syndrome and its components (abdominal obesity,
blood pressure, blood sugar, blood lipids, etc.) had
higher 10-year risk for CVD (p<0.001).

Table 2 divides the participants into those without
hypertension, hyperglycemia, or hyperlipidemia and
those with one, two, or all three of the conditions.
Analysis of the 10-year risk for CvD found that for
participants with CVD risk >20%, their risk increased
as the number of conditions increased (27.0% vs. 16.8%
vs. 8.4% vs. 0.1%). Similar results were found when
separating men and women; risk increased as the
number of conditions increased (Table 3). The 10-year
risk for CVD for women in this study tended to be
lower; few participants had moderate or high risk.
Therefore, great variation in logistic regression analysis
results for women was seen when dividing the risk into
low, moderate, and high. As such, this study only
focused on men and defined 10-year risk for CVD
<10% as low risk and >10% as at risk. The number of
conditions was held as a predictor for 10-year risk for
CVD in regression analysis. After adjusting for age,
smoking, drinking, and chewing betel nut, it was found
that the 10-year risk for CVD odds ratios for
participants with one, two, or three conditions were
3.44, 8.13, and 16.64 times higher, respectively, than
for those who did not suffer from hypertension,
hyperglycemia, or hyperlipidemia. It was clear that the
10-year risk for CVD increased as the number of
conditions increased (Table-4).

DISCUSSION

Past epidemiological studies have indicated that
the prevalence of metabolic syndrome is increased for
individuals who are men, in older age groups, obese,
lack physical exercise, with low socio-economic status,
and smoke in the US, Asia, Europe, and Mediterranean
[8-13]. It has also been found that metabolic syndrome
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is correlated to arteriosclerosis, CVD, type 2 diabetes,
and mortality rate [14,15]. This study indicated that
men, over the age of 65, smoke, drink, and chew betel
nut have a higher 10-year risk for CVD. Participants
with abnormal metabolic syndrome and its components
(abdominal obesity, blood pressure, blood sugar, blood
lipids, etc.) also had higher 10-year risk for CVD. A
previous study on Americans with hypertension
indicated that simultaneous control of blood pressure
and low-density lipoprotein cholesterol (LDL-C) and
HDL-C may prevent the majority of coronary heart
disease events [16]. Hypertension and abnormal blood
lipids have high prevalence rates in the US. Effective
control can greatly reduce the future risk of
cardiovascular events and mortality [7,17]. Previous
research has also found that androgenic obesity
increases the risk of CVD, hypertension, and diabetes
mellitus [18,19]. Obesity is also an independent risk
factor for CVD [20]. The research findings of this study
were all similar to past studies.

Although the overall prevalence of coronary artery
disease (CAD) is higher in men, clinical research is also
gradually focusing on women with CAD [21-23]; CVD
is also an important factor of morbidity and mortality
for women [24, 25]. Therefore, results for the 10-year
risk for CVD for women in this study are also worthy of
note. Few studies have analyzed and compared the
number of conditions and the 10-year risk for CVD.
This study found that for both men and women, the 10-
year risk for CVD increased as the number of
conditions increased. It is worth noting that for women
with 11-20% and >20% risk, 10-year risk for CVD
clearly increased as the number of conditions increased.

However, as only 1.5% of the women in this study
had a 10-year risk for CVD >20% and 90.2% were at
low risk, this study only focused on predictors for 10-
year risk for CVD in men. The results found that the 10-
year risk for CVD odds ratios for participants with an
increased number of conditions were higher than for
those who did not suffer from hypertension,
hyperglycemia, or hyperlipidemia.

Some past research have investigated how
hypertension, hyperglycemia, and hyperlipidemia affect
CVD independently, yet few have considered how
multiple comorbid conditions influence the risk of
CVD.

A Korean study pointed out that blood pressure has
more impact on cardiovascular mortality than other
factors [26]. It has been found that blood pressure also
affects carotid atherosclerosis more so than other
components of metabolic syndrome [27, 28]. A study
on metabolic syndrome and heart structure and function
in the Native American population indicated that
hypertension and abdominal obesity were important

factors [29]. The cardiovascular mortality rate in the
Asia-Pacific Region shows that 66% of CVD is due to
hypertension [26]. Another study on stroke found that
high blood pressure levels were associated with higher
recurrent stroke risk over long-term follow-up [30].

Some longitudinal studies have indicated that C\VD
risk is correlated with fasting insulin and blood sugar
concentrations [31-33]. Hyperglycemia can cause
damage to lumen function of the blood vessels and
quickens buildup of plaque and arteriosclerosis which
narrows blood vessels. After years, chronic
comorbidities of diabetes can lead to complications with
small blood wvessels (retinal arteries, nephropathy,
peripheral circulation and neuropathies) and large blood
vessels (coronary artery, cerebral arteries, and
peripheral arteries). Thus, the American Heart
Association has adopted coronary heart disease
treatment standards in the treatment of diabetes; proper
glycemic control and treatment for other risk factors
(hypertension, hyperlipidemia, smoking, and weight)
can reduce the risk for CVD [34].

High cholesterol, especially LDL-C, vessel lumen
cell function breaks down and is damaged allowing
more LDL-C into the lumen layer which causes a series
of arteriosclerosis related reactions; macrophages
repeatedly oxidized LDL-C until they turn into foam
cells and later arteriosclerosis plaque [35]. If patients
also have other risk factors, such as smoking,
hypertension, diabetes, or old age (men >45 vyears,
women >55 years), or have HDL-C levels <40 mg/dL,
lumen cell function will deteriorate quicker,
accelerating  arteriosclerosis  formation.  Diabetes,
obesity, and smoking further change cholesterol, lower
HDL-C levels and cause hypertriglyceridemia, quicken
the onset of arteriosclerosis [36].

These studies indicate that hypertension,
hyperglycemia, and hyperlipidemia affect the risk for
heart disease. This study further showed that a higher
number of comorbid conditions increases the 10-year
risk for CVD.

This study had several limitations. As the participants
in this study were individuals aged 40 or older in a
region of Pingtung County, Taiwan, these results cannot
be generalized to other populations. Also, due to the
nature of this cross-sectional study, information
regarding some risk factors may be insufficient, thus
limiting the inferences that can be made concerning the
causal relationship. Continued follow-up in the future
could provide more rigorous results. However, in terms
of the increased CVD risk, the prevalence of
hypertension, hyperglycemia, and hyperlipidemia are
consistent with the results from other studies. Therefore,
effective control of these conditions can help reduce the
fatality risk of CVD.
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Table-1: Analysis of the effect of demographic characteristics, lifestyle habits, and metabolic syndrome and its
components on the 10-year risk for CVD (n=8957)

10-year risk for CVD
Variable <10% 11-20% >20% P value
Gender <.001
Male 1526 (32.6) | 2064 (44.1) 1095 (23.4)
Female 3852 (90.2) 354 (8.3) 66 (1.5)
Age <.001
<65 3973 (82.1 775 (16.0) 93 (1.9)
>65 1405 (34.1) | 1643 (39.9) 1068 (25.9)
Smoking <.001
No 5142 (64.1) | 1909 (23.8) 977 (12.2)
Yes 236 (25.4) 509 (54.8) 184 (19.8)
Drinking <.001
No 5271 (60.5) | 2317 (26.6) 1126 (12.9)
Yes 107 (44.0) 101 (41.6) 35 (14.4)
Chewing betel nut <.001
No 5327 (60.3) | 2367 (26.8) 1138 (12.9)
Yes 51 (40.8) 51 (40.8) 23 (18.4)
Waist measurement <.001
Normal 3119 (62.6) | 1325 (26.6) 541 (10.9)
Abnormal 2259 (56.9) | 1093 (27.5) 620 (15.6)
Obese <.001
18.5< BMI <26.9 Kg/m” 4114 (61.2) | 1778 (26.4) 834 (12.4)
BMI>27kg/m" 1264 (56.7) | 640 (28.7) 327 (14.7)
Blood pressure (mmHg)? <.001
Normal 2629 (78.5) 655 (19.6) 64 (1.9)
Abnormal (>130/85mmHg) | 2749 (49.0) 1763 (31.4) 1097 (19.6)
Blood sugar (mg/dL)" <.001
Normal 3322 (66.3) 1191 (23.8) 499 (10.0)
Abnormal (>100mg/dL) 2056 (52.1) 1227 (31.1) 662 (16.8)
HDL-C (mg/dL) <.001
Normal 3862 (62.3) 1729 (27.9) 608 (9.8)
Abnormal 1516 (55.0) 689 (25.0) 553 (20.1)
Triglycerides (mg/dL) <.001
Normal 4148 (63.0) 1683 (25.6) 748 (11.4)
Abnormal (>150mg/dL) 1230 (51.7) 735 (30.9) 413 (17.4)
Metabolic syndrome <.001
No (<3 abnormal) 3735 (66.6) 1413 (25.2) 461 (8.2)
Yes (>3 abnormal) 1643 (49.1) 1005 (30.0) 700 (20.9)

& Abnormal blood pressure is defined as >130/85mmHg or current use of medication to reduce blood pressure
® Abnormal blood sugar is defined as >100mg/dL or current use of medication to reduce blood sugar

Table-2: Analysis of the effect the number of conditions among hypertension, hyperglycemia, and hyperlipidemia

Note

on the 10-year risk for CVD

10-year risk for CHD
Variable <10% 11-20% >20% P value
(n=5378) (n=2418) (n=1161)

Hypertension, hyperglycemia, and <.001
hyperlipidemia

Normal 1283 (85.0) 224 (14.8) 2(0.1)

Abnormal (one condition) 1892 (64.8) 780 (26.7) 246 (8.4)

Abnormal (two conditions) 1576 (51.8) 955 (31.4) 511 (16.8)

Abnormal (three conditions) 627 (42.1) 459 (30.8) 402 (27.0)

1. Abnormal blood pressure was defined as blood pressure over 130/85mmHg or current use of medication to reduce
blood pressure.
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2. Abnormal blood sugar was defined as fasting blood sugar >100mg/dL or current use of medication to reduce blood
sugar.
3. Hyperlipidemia was defined as abnormal HDL (men: <40mg/dL; women: <50mg/dL) or triglycerides >150mg/dL.

Table 3 Analysis of the differences in effect the number of conditions among hypertension, hyperglycemia, and
hyperlipidemia on the 10-year risk for CVD between men and women

Men (n=4685) Women (n=4272)
10-year risk for CVD 10-year risk for CVD
Variable (rf_llog/;G 11-20% | >20% p* <10% | 1120% | >20% | o
_) (n=2064) | (1095) value | (n=3852) | (n=354) (n=66)
Hypertension,
hyperglycemia, <.001 <.001
and hyperlipidemia
383 224 900
Normal (62.9) (36.8) 2 (0.3) (100.0) 0(0) 0(0)
Abnormal (one 565 726 245 1327
condition) 368) | (473) | (16.0) 96.0) | °*@9) | 101)
Abnormal (two 430 806 489 1146 149 22 (1.7)
conditions) (24.9) (46.7) (28.3) (87.0) (11.3) '
Abnormal (three 148 308 359 151
conditions) (182) | (378) | (44.0) 419(71.2) | (9o 4y | 43(64)
Note:

1. Abnormal blood pressure was defined as blood pressure over 130/85mmHg or current use of medication to reduce
blood pressure.
2. Abnormal blood sugar was defined as fasting blood sugar >100mg/dL or current use of medication to reduce blood

sugar.
3. Hyperlipidemia was defined as abnormal HDL (men: <40mg/dL; women: <50mg/dL) or triglycerides >150mg/dL.

Table-4: Analysis of the effect the number of conditions among hypertension, hyperglycemia, and
hyperlipidemia on the 10-year risk for CVD in men (n=4685)

Variable B wald OR (95% CI) p value
Constant -2.92 404.54 <.001
1 1.23 71.78 3.44 (2.58-4.57) <.001
2 2.10 189.77 8.13 (6.04-10.96) <.001
3 2.81 245.23 16.64 (11.70-23.66) <.001

Note 1: Dependent variables: Using the low-risk <10 % group as the reference group. Note 2: The variables included in
logistic regression analysis were age, smoking, drinking, chewing betel nut, and (hypertension, hyperglycemia, and
hyperlipidemia (participants with none were the reference group; those with one condition were labeled 1, those with
two conditions were labeled 2, and those with three conditions were labeled 3)
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