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ABSTRACT

Introduction: Prehypertension precedes overt hypertension and has been acknowledged by many guidelines.
Hypertension is an important risk factor for cardiovascular disease in Malaysia. Hypertension prevalence is
at 42.6% and population-based control is poor at 26.8%. The objective of the study is to ascertain the
cardiovascular risk profile of prehypertensive and mildly hypertensive young adults against age-matched
controls in rural Malaysia. Methods: 484 (four hundred and eighty four) subjects attending primary care
clinic were screened. 91 (Ninety one) young adults with pre/mild hypertension and normotensive, age-
matched controls were enrolled. The blood pressure and biochemical profiles for both groups were assessed
and compared. Results: Fifty-four subjects and 37 controls were enrolled. Amongst subjects, 46.3% had
prehypertension and 53.7% had mild hypertension. Mean values compared to age-matched controls for MAP
were 102.68 + 7.48 vs 83.25 + 6.08 mmHg (p< 0.001), LDL 3.75 + 0.95 vs 3.32 + 0.93 mmol/L (p=0.03), FBG
4.65 + 0.54 vs 4.33 + 0.42 mmol/L (p=0.03), BMI 28.81 + 5.16 vs 24.12 + 4.91 (p< 0.001). The mean BP was
significantly associated with BMI, FBG, triglycerides, HDL and the TC/HDL ratio. Conclusions: Greater BMI,
FBG, HDL, triglyceride levels and TC/HDL ratio characterised the young adults with pre/mild hypertension.
The data suggests that hypertension in young adults is secondary to metabolic syndrome.
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INTRODUCTION

Hypertension results from a complex relationship

Hypertension has a significant impact on the - ! )
between genetic, environmental, and behavioural

world’s population morbidity and mortality.’? It was

estimated in 2000 that 26.4% of the world’s adult
population had hypertension, 34.3 % in developed
countries and 65.7 % in economically developing
countries.* Malaysia’s third National Health and
Morbidity Survey (NHMS IIl) in 2006 reported that
hypertension afflicted 43% of adults over the age of
30, compared to 33% in the prior decade as
reported in the second NHMS in 1996.° The
increasing prevalence of hypertension proved that
hypertension is a serious health problem in
Malaysia.
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factors that have its origins in the young.® Population
changes in health-related behaviours, such as
childhood obesity have resulted in significant rises in
hypertension prevalence in the young.” Moreover,
at least half of hypertensive patients present with a
cluster of metabolic abnormalities known as insulin
resistance or metabolic syndrome.®

Prehypertension is defined as a subgroup within the
stages of hypertension with a blood pressure level of
120-139 mmHg systolic and 80-89 mmHg diastolic.’
Prehypertension per se is not a disease, but a
warning of risk as cardiovascular disease and stroke
increased in a log-linear proportion with both SBP
and DBP values over 115/75 mmHg."

Metabolic syndrome is defined as a collection of
features such as visceral obesity, impaired glucose
tolerance, dyslipidemia, hypergtriglyceridemia, and
elevated blood pressure.'®" It is highly prevalent and
is a risk factor in the incidence of cardiovascular
heart disease.'? Furthermore, studies have found that
the prevalence of metabolic syndrome increases with
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age."” However, studies on the earliest manifestation of
metabolic syndrome in young adult hypertensives
are still limited. The objective of this study is to
ascertain the relationship between young adults
with prehypertension and hypertension, and the
cluster of features known as metabolic syndrome
compared to age-matched controls.

METHODS
Study Sample

The study was conducted in a major primary health
care referral centre for non-communicable disease
in Kuantan, the capital of Pahang. Pahang has an
essentially agrarian economy, predominantly rural
populace which is primarily catered by the public
health care sector. The study protocol was approved
by the Medical Research and Ethics Committee
of the institution (NMRR-08-1276-2470), written
informed consents were obtained from all subjects
and the study was conducted in concordance with
the Code of Ethics of the World Medical Association
(Declaration of Helsinki, 1964 and Declaration of
Tokyo, 1975, as revised in 1983).

Consecutive patients (484) between the ages of 20
and 45 years were screened. Sixty young adults with
hypertension attending the aforementioned clinic,
who satisfied the inclusion criteria, were enrolled
into a cross-sectional study. Forty control
participants were sourced from the same clinic,
amongst family members accompanying the patients
during their visits and several public health
screening activities around Kuantan.

All patients satisfying the pre-hypertension (high
normal with systolic blood pressure 120-139 mmHg
and/or diastolic blood pressure of 80-89 mmHg on at
least two separate occasions) or newly diagnosed
patients with mild hypertension (systolic blood
pressure of 140-159 mmHg and/or diastolic blood
pressure of 90-99 mmHg on 2 different occasions
or stage 1 hypertension) and not on any anti-
hypertensives were recruited into the study.

Patients who had any of the following criteria, 1)
presence of end organ damage, for instance left
ventricular hypertrophy OR proteinuria, 2) positive
history related to hypertensive complications such
as congestive heart failure OR cerebrovascular
accident, 3) presence of secondary causes of
hypertension from history, physical examination
or investigation, 4) diagnosed with other chronic
illnesses such as diabetes mellitus, renal disease,
hyperlipidemia and are on other chronic
medications and 5) established hypertensive
patients on regular treatment but resting blood
pressure more than 140/90 mmHg, were excluded
from the study.

Study Protocol

During the first screening visit, the participants
were requested to fast overnight (minimum of 8
hours) before the next appointment for fasting
blood samples. The first blood pressure (BP)
measurement was then performed. This was
followed by the second, viz recruitment visit 1 week
later. Appointments for the studies were
prearranged to be scheduled in the morning (8-10
am) and in a controlled room temperature (23-25°
Q).

Questionnaires were administered to attain
participants’ socio-demographic background and
their Framingham’s Cardiovascular Risk Assessment.
BP was then measured in supine position and blood
samples were drawn for biochemical profile (lipid
profile, blood glucose, renal profile).

Statistical Analysis

Data for continuous, closely symmetrical variables
were analysed using standard descriptive methods
to estimate means and standard deviation. The
comparison between means was determined using
the independent sample t-test. Discrete data and
proportions are compared using x* test, with the
level of statistical significance set at p<0.05. All
statistical analyses were performed with SPSS
Version 18 (SPSS Inc. Released 2009. PASW Statistics
for Windows, Version 18.0. Chicago: SPSS Inc.).

RESULTS
Characteristics of Study Participants

Sixty patients between the ages of 20 and 45 years,
with systolic and diastolic blood pressure ranges
of between 120-159 mmHg and 80-99 mmHg
respectively and 40 age-gender matched controls
with optimal BP (<120/80 mmHg), were recruited
into the study. However, only 91 participants (54 in
the patient group and 37 matched controls) who
fulfilled the entry criteria were finally included as 9
subjects defaulted the second visit appointment for
blood collection. Eighty percent of study subjects
had tonometry or central aortic systolic pressure
(CASP) measurements repeated twice or more.

48



Table 1 Characteristics of Human Study Subjects

Patients Controls P value*
(N =54) (N =37)
Age (years)  33.87 + 6.56 19}?8 * 0.001
30 19
Males (55.60%) 51.40%) -6
Smokers 14.8% 13.5% 0.86
Family
History of 83.3% 58.8% 0.01
Hypertension
Weight (kg)  75.97 + 14.45 ?ﬁ':ﬁ T <0.001
Height 1.60 +
(meten) 1.63 + 0.09 0,00 0.20
BMI (kg/m?)  28.81 %5.16 4214‘512 * <0.001
Systolic BP 109.10 +
(mmHg) 133.53+10.57 o < 0.001
Diastolic BP 70.32 +
(mmHg) 87.54+7.73 oo < 0.001
Mean Arterial
Pressure 102.68 +7.48 23625 X <0.001
(mmHg) )
Heart rate
(beats/ 79.31 +9.75 ;4430 X 0.0
minute) )
101.
CASP (mmHg) 123.93 + 10.49 602630 X <0.001
-0.43 +
CVrisk score  4.56 + 5.62 40253 * < 0.001

Data are expressed in mean + SD and percentage.
* p value for comparison between the three groups.

Overall, subjects from both patient and control
groups were equally proportioned in terms of
gender. Although there was a statistically
significant difference between the mean ages of
the two groups, all patient and control group
subjects lay within the same predetermined age
group (20-45 years old) (Table 1). Among the
subjects in the patient group, 46.3% had
prehypertension and 53.7% had stage 1
hypertension. The patient group had significantly
higher percentage of self-reported family history
of hypertension in their first degree relatives
(p=0.01). They also had a significantly greater BMI
(p<0.001), heart rate (p=0.01), CASP (p<0.001) and
CV risk score (p<0.001). In addition, more subjects
in the patient group had moderate-to-high 10-year
risk of developing coronary artery diseases
compared to the control group; 13.0 % and 0%
respectively (p=0.01).

Further division of the subjects into three BP
category groups, revealed a similar trend as
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observed in Table 2. A higher percentage of subjects
with a self-reported family history of hypertension in
their first degree relatives was seen in the
prehypertension and stage 1 hypertension groups
compared to the subjects with optimal BP (p=0.03).
Significant differences across the three BP groups
were found for BMI (p<0.001), heart rate (p=0.01),
CASP (p<0.001) and CV risk score (p<0.001). From the
subjects studied, 20.7% of subjects in the stage 1
hypertension had moderate-to-high 10-year risk of
developing coronary artery diseases while the
prehypertension and optimal BP groups had 4% and
0%, respectively (p=0.01).

Table 2 Characteristics of Human Study Subjects According
to Blood Pressure Classification

Optimal  Prehyper-

; Stage 1 p
BP tension ~ N
(N=37) (N=25) (N=29) value
29.68 + 32.28 35.24 +
Age (years) 474 5.98 6.84 0.001
Males 51.4% 56.0% 55.2% 0.92
Smokers 13.5% 4.0% 24.1% 0.11
Family
:‘Sm“’ of  5g.8%  80.0% 86.2% 0.03
yperten-
sion
Weight 62.43+ 75.68 = 76.22 + <
(kg) 14.41 16.39 12.89 0.001
Height 1.60 + 1.62 + 1.63 0.43
(meter) 0.09 0.09 0.09 ’
BMI (kg/ 2412+ 29.00 + 28.65+ <
m?) 4.91 6.18 4.20 0.001
Heart rate
74.00 77.16 81.17 «
(beats/ ¢ 47 10.80 8.51 0.01
minute)
CASP 101.30+ 116.80 130.07 + <
(mmHg) 6.26 7.39 8.78 0.001
CV risk -0.43 + 1.76 + 7.00 <
score 4.25 4.08 5.70 0.001

Data are expressed in mean + SD.
*P value for comparison among the three blood pressure
groups.

Biochemistry Values/Profile

Total cholesterol, uric acid and creatinine values
were similar between the patient and control groups
or across the three BP category groups (Table 3a).
Comparison of fasting blood glucose (FBG), low-
density lipoprotein cholesterol (LDL), triglycerides
(TG) and high-density lipoprotein cholesterol (HDL)
and total cholesterol and HDL ratio (TC/HDL ratio) of
patient and control groups subjects showed that there
were significant differences between the two groups.
The differences were also observed following division
of the subjects into the three BP subtypes (Table 3b).
Prehypertension group and stage 1 hypertensive group
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subjects both had higher FBG, LDL, HDL and TG and
TC/HDL ratio compared to the optimal BP group.
Nevertheless, LDL was not statistically different
when compared between the three groups.

Table 3a Biochemical Profile of Subjects

Patients Controls

(N =54) (N =37) p value*
FBG (mmol/L) 4,65 £0.54 4.33+0.42 0.03
HDL (mmol/L) 1.33+0.35 1.73+0.46 < 0.001
LDL (mmol/L) 3.75+0.95 3.32+0.93 0.03
Triglyceride 1.68+0.88 1.01+0.54  <0.001
(mmol/L)
Tot Chol 5.82+1.03 5.51+1.03 0.16
(mmol/L)
TC/HDL ratio 458 +1.16  3.34+0.98 < 0.001
Se Uric Acid 0.39+0.12 0.40 + 0.45 0.79
(mmol/L)
Se Creatinine 91.43 + 90.00 + 0.70
(umol/L) 17.19 16.67

Data are in mean + SD.
* P value for comparison between the two groups.

Table 3b Biochemical Profile of Subjects According to Blood
Pressure Classification

Optimal Prehyper- Stagef b
BP tension (N=29) value*
(N=37) (N=25) B
FBG 4.33 + 4.48 + 4.80 + 0.001
(mmol/L) 0.42 0.43 0.58 :
HDL 1.73 + 1.49 + 1.20 +
(mmol/L) 0.46 0.37 027  <0.001
LDL 3.32 3.72 3.78 + 0.10
(mmol/L) 0.93 0.85 1.05 :
Triglycer-
. 1.01 + 1.53 + 1.82 +
ide < 0.001
(mmol/L) 0.54 0.66 1.01
Total
5.51 + 5.90 + 5.76 +
Cholesterol 1.03 0.92 1.12 0.33
(mmol/L)
TC/ HDL 3.34+ 412 + 4,97 +
ratio 0.98 1.01 116  <0.001
Se Uric
. 0.40 + 0.38 + 0.40 +
Acid 0.45 0.13 0.12 0.94
(mmol/L)
Se
. 90.00 + 91.64 + 91.24 +
Creatinine  “y¢ ¢7 20.09 1460 02
(umol/L)

Data are expressed in mean + SD.

* P value for comparison among the three blood pressure

groups.

Correlations

There was significant but weak to moderate
correlation between CASP and all other variables
such as SBP, DBP, MAP, BMI, FBG, TG, HDL and TC/
HDL ratio across all subjects, as seen in Table 4a.
Additionally, the CV score of all subjects was also
correlated with the aforementioned variables
including the heart rate, fasting blood levels of total
cholesterol and LDL cholesterol, as in Table 4a and
Figure 1. The mean BP (SBP, DBP, MAP) of subjects
was significantly associated with heart rate, BMI,
FBG, TG, HDL and the TC/HDL ratio (Table 4b).

Regression Analysis

Univariate linear regression analysis identified FBG,
HDL, TG and BMI to be independently associated
with both systolic and diastolic blood pressures.
However multivariate linear regression analysis
found FBG, HDL and BMI to be independently
associated with systolic blood pressure (R? 0.338, p =
0.004, 0.024, 0.006 respectively) and only BMI was
independently associated with diastolic blood
pressure (R? 0.283, p = 0.007)

Table 4a Association Between Other Variables in All
Subjects (N=91)

CV Score CASP
Mean SBP r=0.44 (p<0.001)* r=0.96 (p<0.001)*
Mean DBP r=0.50 (p<0.001)* r=0.81 (p<0.001)*
MAP r=0.49 (p<0.001)* r=0.91 (p<0.001)*
CASP r=0.50 (p<0.001)*
CV score r=0.50 (p<0.001)*
BMI r=0.2 (p=0.02)* r=0.26 (p=0.01)*
Heart rate r=0.22 (p=0.04)* r=0.17 (p=0.11)
Creatinine r=-0.10 (p=0.36) r=0.11 (p=0.31)
FBG r=0.30 (p=0.004)* r=0.38 (p<0.001)*
TChol r=0.42(p<0.001* r=0.99 (p=0.002)*
HDL r=-0.2 (p=0.01)* r=-0.50 (p<0.001)*
LDL r=0.4 (p<0.001)* r=0.1 (p=0.36)
TG r=0.41 (p<0.001)* r=0.37 (p<0.001)*

TC/ HDL ratio r=0.56 (p<0.001)* r=0.46 (p<0.001)*

* Significant p value for the correlation of variables
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Figure 1 Association Between Mean Blood Pressure and Other Variables in All Subjects (N=91)
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Table 4b Association Between Mean Blood Pressure and
Other Variables in All Subjects (N=91)

MAP Mean SBP Mean DBP

Moo (0004 (e0.04)r 032 (p=0.002)
BMI r=0%%51 )‘P= 23263.2)03)* r=0.33(p= 0.001)*
FBG (pr:o(.)dgz)* [;‘33801 o r=0.32 (p= 0.002)
Tchol (- . 610)'05 [;':%_%28) r= 0.10 (p=0.34)
HDL (;:0'.%312)* [;;%_%% fye =045 (p<0.001)"
L, o [;(351_2 4y 018 (p=0.10)
TG (pr:O(.)ég?)* [;867)01 y- = 0-39 (p<0.001)"
HoL O 0 =047 prooony

* Significant p value for the correlation of variables

DISCUSSION
Biochemical Values/Profile and its Role in
Assessment of Young Adults

In this study, greater BMI, and higher FBG, HDL, TG
levels and TC /HDL ratio significantly characterised
the prehypertension and mild hypertension
compared to controls. Our study also revealed that
12.4% of the study population had prehypertension
and mild hypertension which frequently co-exists
with increased BMI. The mean SBP, DBP and MAP of
the young adults were also positively correlated
with the above cardiovascular risk factors. This
suggests that essential hypertension in young adults,
is part of a metabolic syndrome. Perhaps pre-
hypertension BP also indicates a “pre-metabolic
syndrome state”. These metabolic abnormalities,
hypertension and other CV risk factor components
are likely to be inseparable as found by other
studies. "

Metabolic syndrome has been well described.
It is characterised by metabolic abnormalities
and development of CV risk factors such
as hypertension, impaired insulin sensitivity,
dyslipidaemia, hyperglycaemia, a systemic
inflammatory state and abdominal obesity. It is

related to increased risk of CV morbidity and
mortality. " '°

The 10-year Cardiovascular Risk Assessment of
Young Hypertensives/ hypertensive patients

Risk factor calculation assists in determining the
global effect of hypertension and individually,) aids
in the appropriate level of intervention required. In
this study, the 10-year CV risk assessment of young
pre-hypertensive and mild essential hypertensives/
hypertensive patients indicates that CV risk scores
for these groups were significantly higher compared
to the optimally normotensive group.

Current consensus dictates a non-pharmacological
approach to the management of these patients.'
Presently pharmacological therapy is only advocated
if an individual’s BP is > 160/100 mmHg or when the
SBP is between 140 and 159 mmHg and/or sustained
DBP between 90 and 99mmHg inclusive of the
presence of CV disease or any other target organ
damage.'®

Our study concurs with other studies and suggests
the need for earlier screening and intervention for
young hypertensive patients. However, this is
beyond the scope of the present study. Studies on
the cost-benefit and/or effectiveness of treating
this group along with the appropriate anti-
hypertensive treatment of choice and appropriate
treatment stage should be initiated post-haste.

Our subjects’ CV scores also showed significant
positive correlation with central BP or CASP. Our
finding suggests a possible revision to the existing
CV risk assessment for young adults and the need to
separate this group from the general adult
population. Inclusion of additional risk factors and
more organ-specific assessments such as abdominal
obesity, microalbuminuria, C-reactive protein and
homocysteine levels are probably required. If young
adults with higher calculated CV risk could be
identified earlier and given the appropriate
treatment, a reduction in end organ damage would
mean a reduction in the total cost of treating these
individuals and lower long term morbidity and
mortality rates.

Limitations to this Study

There are two major limitations associated with this
study. Firstly, this cross-sectional and observational
study behoves that its findings be interpreted with
caution. Secondly, the small sample size, low
prevalence and single-centre recruitment negates
population level extrapolation of the data.
Nevertheless, the results and statistical significance
achieved underpins the strength of the association
despite the small numbers garnered by this study.

Future studies should involve a cohort study of the

subjects from this study and assess the progression
of the BP vis-a-vis the metabolic abnormalities
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