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Abstract
Introduction: Present study was to evaluate whether increased arterial stiffness was associated with target organ damage in pre-hypertensive subjects.
Material and methods: Pre-hypertensive subjects enrolled and echocardiography was used to evaluate left ventricular hypertrophy (LVH) and the first
morning urine was collected to evaluate albumin and creatinine ratio (ALB/
Cr ratio). Carotid-femoral pulse wave velocity (cf-PWV) was measured.
Results: A total of 420 subjects were recruited and mean age was 42.6
years. Mean systolic/diastolic blood pressure (SBP/DBP) were 130 ±9 mm Hg
and 85 ±4 mm Hg. The prevalence of albuminuria and left ventricular hypertrophy was 8.6 % and 11.7 %. Mean cf-PWV was 9.2 ±1.0 m/s, with arterial
stiffness prevalence was 8.8%. Subjects with arterial stiffness had higher
cf-PWV value (10.6 ±0.4 m/s vs. 8.7 ±0.6 m/s, p < 0.05), and ALB/Cr ratio
(28.3 ±13.2 µg/mg vs. 23.1 ± 11.4 µg/mg, p < 0.05). Overall, with multivariate regression analysis, aging and arterial stiffness were significantly associated with pre-hypertension. With stepwise adjusted for potential covariates
including age, male gender, fasting plasma glucose, presence of current cigarette smoking, dyslipidemia, statins and SBP, increased cf-PWV remained
independently associated with left ventricular hypertrophy and albuminuria,
with an increased odds of 41 % and 24 % (p < 0.05), respectively.
Conclusions: In pre-hypertensive subjects, arterial stiffness is independently associated with LVH and albuminuria and cf-PWV may be a useful marker
to identify target organ damage in pre-hypertensive subjects.
Key words: pre-hypertension, target organ damage, arterial stiffness.

Introduction
Hypertension is a well-known risk factor for a variety of cardiovascular and renal diseases [1–3]. Nowadays, it is estimated that more than
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1 billion people have hypertension around the
world [4, 5]. Furthermore, the prevalence of
pre-hypertension, which is defined by a systolic
blood pressure (SBP) from 120 to 139 mm Hg or
a diastolic BP (DBP) from 80 to 89 mm Hg [6], has
also been dramatically increasing in recent decades. The Prospective Studies Collaboration [7],
which included data from 61 observational studies, shows that for every 20/10 mm Hg increase
in SBP and DBP, the risk of cardiovascular disease
and mortality is increased two-fold, and this relationship extends to a BP level of 115/75 mm Hg.
These data together imply that treatment of
pre-hypertension should be beneficial for reducing
target organ damage and cardiovascular events.
Arterial stiffness is a pathophysiological process of vascular ageing, and prior observational
studies suggest that arterial stiffness is highly
prevalent in subjects with hypertension [8–11].
Nevertheless, the prevalence of arterial stiffness
in subjects with pre-hypertension is unclear, and
whether arterial stiffness is associated with target
organ damage in subjects with pre-hypertension
is also less well studied.
Using data from a cross-sectional study, we
evaluated the prevalence of arterial stiffness in
subjects with pre-hypertension and potential risk
factors for pre-hypertension. Moreover, whether
arterial stiffness was independently associated
with the prevalence of target organ damage including left ventricular hypertrophy and albuminuria in pre-hypertensive subjects was also evaluated.

Material and methods
Studied participants
The current study was approved by the Research Ethic Committee of the Fifth subsidiary
Hospital of Sun Yat-sen University, and all studied
participants were provided informed consent before recruitment. The current study was conducted
during January of 2015 to December of 2016. Inclusion criteria were as follows: 2 separated times
of diagnosis of pre-hypertension in the outpatient
clinic, and without a history of previous treatment
with BP-lowering drugs. Exclusion criteria were as
follows: age younger than 18 years or older than
75 years; with documented cardiovascular diseases including myocardial infarction, cerebrovascular diseases, peripheral artery disease, congestive heart failure, hypertrophic cardiomyopathy,
chronic kidney disease and documented type 1 or
2 diabetes mellitus. Demographic data including
age, gender, current smoking status, medical history and current medication usage were collected
by two investigators using a structured questionnaire.

Diagnosis of pre-hypertension
Subjects whose clinic BP was consistent with
the diagnosis of pre-hypertension during the first
outpatient visit were asked to take a second evaluation of clinic BP on another day, and those diagnosed with pre-hypertension at the second visit
were asked to participate in the current study and
informed consent was provided. In brief, clinic BP
measurement was performed in accordance with
the JNC7 guideline recommendation [12]. Patients
sat quietly for 10 min with their back supported
before BP measurements and arms were placed at
the level of the heart. The non-dominant arm was
used to measure clinic BP and 3 readings were
obtained with a 1 min interval between readings.
The physician was required to be out of the clinic
office during BP measurement. The average value
of clinic BP was obtained by calculating the last
two BP readings.

Biochemical indices
Subjects who agreed to participate in the current study were asked to come back to the outpatient clinic for measurement of biochemical indices. At least 8 h overnight fasting was required
and venous blood was drawn for lipid profiles,
fasting plasma glucose and creatinine evaluation.
The first urine in the morning was collected to
evaluate the albumin (µg/l) and creatinine (mg/l)
ratio. Accordingly [13], a ratio lower than 30 µg/mg
is considered as normal, 30–300 µg/mg is microalbuminuria and higher than 300 µg/mg is macroalbuminuria.

Arterial stiffness evaluation
Carotid-femoral pulse wave velocity (cf-PWV)
was used to evaluate arterial stiffness on the same
day after drawing blood. Applanation tonometry
was used to measure cf-PWV (SphygmoCor; AtCor
Medical, Sydney, Australia). Briefly, the distance
traveled by the pulse wave over the surface of the
body was measured with a tape measure from the
sternal notch to the right carotid artery, and from
the sternal notch to the right femoral artery. The
time delay was measured between the troughs
of the two waveforms. Then, the distance was divided by the transit time. Measurement was performed between 8–10 am. Subjects were required
to fast and lie in a supine position after resting
for 10 min. Three measurements were obtained to
obtain the median based on the guideline recommendation [14].

Echocardiography
The left ventricular posterior wall (LVPW) thickness and interventricular septal (IVS) thickness
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were measured by echocardiography at the left
lower sternal border with the long-axis view. Accordingly [15], the thickness of both the LVPW and
IVS greater than or equal to 12 mm was considered as left ventricular hypertrophy.

Screened 2783 subjects
with suspected
hypertension in
outpatient clinic

486 (17.5%) subjects
were diagnosed as
pre-hypertension

420 subjects were
recruited into final
analysis

• 10 had diabetes
mellitus
• 22 had been treated
with BP-lowering drugs
before
• 14 had cardiovascular
diseases
• 6 had renal disease
• 14 did not want to
participate in current
study

Figure 1. Schematic of study design
Table I. General characteristics
Variables
N

Value
420

Age [years]

42.6 ±13.5

Male, n (%)

276 (65.7)

Current smoking, n (%)

117 (27.9)

SBP [mm Hg]

130 ±9

DBP [mm Hg]

85 ±4

Heart rate [bpm]

76 ±12

Total cholesterol [mmol/l]

4.9 ±1.1

Triglyceride [mmol/l]

1.8 ±0.6

LDL-C [mmol/l]

3.1 ±0.7

HDL-C [mmol/l]

1.3 ±0.4

FPG [mmol/l]

5.9 ±0.4

Creatinine [µmol/l]

73.3 ±14.2

ALB/Cr ratio [µg/mg]

26.7 ±11.5

IVS [mm]

10.4 ±1.9

LVPW [mm]

10.5 ±1.7

Left ventricular hypertrophy, n (%)

49 (11.7)

Albuminuria, n (%)

36 (8.6)

Dyslipidemia, n (%)

52 (12.4)

Aspirin, n (%)

33 (7.9)

Statins, n (%)

45 (10.7)

cf-PWV [m/s]

9.2 ±1.0

Arterial stiffness, n (%)

37 (8.8)

SBP – systolic blood pressure, DBP – diastolic blood pressure, LDL-C –
low-density lipoprotein cholesterol, HDL-C – high-density lipoprotein
cholesterol, FPG – fasting plasma glucose, ALB/Cr – albumin/
creatinine, IVS – interventricular septal, LVPW – left ventricular
posterior wall, cf-PWV – carotid-femoral pulse wave velocity.
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Statistical analysis
Continuous variables were presented as mean
± SD and categorical variables were presented as
number and percentages of cases. Student’s t-test
was used for comparison of continuous variables
and the c2 or Fisher exact test was used for comparison of categorical variables. Logistic regression analysis was used to evaluate the potential
risk factors for pre-hypertension; in addition, the
association between per 1-SD standardized increase in cf-PWV and prevalence of left ventricular
hypertrophy and albuminuria were also evaluated.
Statistical analyses were performed using SPSS
17.0 (SPSS Inc, Chicago, IL). All statistical tests
were two-sided and considered statistically significant when p < 0.05.

Results
General characteristics
From January 2015 to December 2016, we
screened 2783 subjects with suspected hypertension in the outpatient clinic; a total of 486 (17.5%)
subjects with pre-hypertension were identified
and 420 subjects were recruited into the final
analysis. The study flow chart is presented in
Figure 1. As shown in Table I, the mean age was
42.6 years, male subjects accounted for 65.7%,
and 27.9% were current cigarette smokers. The
mean SBP and DBP were 130 ±9 mm Hg and 85 ±4
mm Hg, respectively. The mean ALB/Cr ratio was
26.7 ±11.5 µg/mg, prevalence of albuminuria was
8.6%, the mean IVS and LVPW were 10.4 ±1.9 mm
and 10.5 ±1.7 mm, respectively, and prevalence of
left ventricular hypertrophy was 11.7%. The mean
cf-PWV was 9.2 ±1.0 m/s, and prevalence of arterial stiffness was 8.8% based on the recommended
diagnostic criteria [14].

Comparisons between subjects with and
without arterial stiffness
Subjects were divided into two groups and
between-group differences were evaluated.
As presented in Table II, compared to subjects
without arterial stiffness, those with arterial
stiffness had a higher cf-PWV value (10.6 ±0.4
m/s vs. 8.7 ±0.6 m/s). In addition, subjects with
arterial stiffness were more likely to be cigarette
smokers, and had higher prevalence of left ventricular hypertrophy and albuminuria (p < 0.05
for all comparisons).
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Table II. Comparisons between subjects with and without arterial stiffness
Variables

With arterial stiffness

Without arterial stiffness

37

383

Age [years]

44.3 ±12.7

41.7 ±13.8

Male, n (%)

24 (64.9)

252 (65.8)

Current smoking, n (%)

12 (44.4)*

105 (31.1)

SBP [mm Hg]

132 ±7

129 ±6

DBP [mm Hg]

86 ±3

84 ±4

Heart rate [bpm]

78 ±10

74 ±14

Total cholesterol [mmol/l]

4.8 ±1.1

4.9 ±1.3

Triglyceride [mmol/l]

1.7 ±0.5

1.8 ±0.6

LDL-C [mmol/l]

3.2 ±0.5

3.1 ±0.6

HDL-C [mmol/l]

1.2 ±0.5

1.3 ±0.4

FPG [mmol/l]

5.9 ±0.3

5.8 ±0.4

Creatinine [µmol/l]

75.6 ±12.8

72.1 ±15.6

ALB/Cr ratio [µg/mg]

28.3 ±13.2*

23.1 ±11.4

IVS [mm]

10.9 ±1.6*

10.0 ±1.3

LVPW [mm]

10.7 ±1.4*

9.9 ±1.6

Left ventricular hypertrophy, n (%)

10 (27.0)*

39 (10.2)

Albuminuria, n (%)

8 (21.6)*

28 (7.3)

Dyslipidemia, n (%)

5 (13.5)

47 (12.3)

Aspirin, n (%)

3 (8.1)

30 (7.8)

Statins, n (%)

3 (8.1)

42 (11.0)

cf-PWV [m/s]

10.6 ±0.4*

8.7 ±0.6

N

SBP – systolic blood pressure, DBP – diastolic blood pressure, LDL-C – low-density lipoprotein cholesterol, HDL-C – high-density lipoprotein
cholesterol, FPG – fasting plasma glucose, ALB/Cr – albumin/creatinine, IVS – interventricular septal, LVPW – left ventricular posterior wall,
cf-PWV – carotid-femoral pulse wave velocity, *P < 0.05 versus without arterial stiffness group.

Risk factors for pre-hypertension
Univariate and multivariate regression analysis
was performed to evaluate potential risk factors for
pre-hypertension. As presented in Table III, in the
univariate regression analysis, aging, current cigarette smoking, increased fasting plasma glucose,
presence of left ventricular hypertrophy, albuminuria
and arterial stiffness were all significantly associated with pre-hypertension. In multivariate regression
analysis, only aging and arterial stiffness remained
significantly associated with pre-hypertension.

Association between arterial stiffness and
outcomes in prehypertension subjects
To evaluate the association between cf-PWV
and prevalence of left ventricular hypertrophy
and albuminuria, logistic regression analysis was
performed. As presented in Table IV, in the unadjusted model, increased cf-PWV was significantly

associated with a 2.14-fold and 1.93-fold risk of
left ventricular hypertrophy and albuminuria, respectively. With stepwise adjusted for potential
covariates including age, male gender, fasting
plasma glucose, presence of current cigarette
smoking, dyslipidemia, statins and SBP, increased
cf-PWV remained independently associated with
left ventricular hypertrophy and albuminuria, with
an increased odds of 41% and 24%, respectively.

Discussion
The principal findings of our current study include four aspects. First, the prevalence of pre-hypertension in patients who came to the outpatient clinic for screening potential hypertension is
17.5% and the prevalence of target organ damage
including left ventricular hypertrophy and albuminuria in subjects with pre-hypertension is not
low. Second, compared to subjects without arteri-
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Table III. Logistic regression analysis of risk factors for pre-hypertension
Parameter

Pre-hypertension
Univariate
OR (95% CI)

Multivariate
OR (95% CI)

Age [years]

1.32 (1.18–1.49)

1.06 (1.02–1.14)

Male gender

1.07 (0.91–1.10)

Current cigarette smoking

1.26 (1.07–1.45)

1.04 (0.91–1.12)

FPG [mmol/l]

1.19 (1.04–1.33)

0.99 (0.89–1.05)

Creatinine [µmol/l]

1.03 (0.94–1.15)

Left ventricular hypertrophy

1.28 (1.13–1.47)

1.08 (0.96–1.16)

Albuminuria

1.20 (1.10–1.33)

1.05 (0.91–1.13)

Dyslipidemia

1.08 (0.95–1.16)

Arterial stiffness

1.53 (1.25–1.74)

1.28 (1.14–1.36)

Left ventricular hypertrophy
OR (95% CI)

Albuminuria
OR (95% CI)

Unadjusted

2.14 (1.96–2.33)

1.93 (1.84–2.02)

1

1.90 (1.76–2.11)

1.74 (1.56–1.93)

2

1.72 (1.57–1.94)

1.55 (1.40–1.76)

3

1.41 (1.25–1.57)

1.24 (1.13–1.40)

FPG – fasting plasma glucose.

Table IV. Logistic regression analysis
Model

OR – odds ratio, CI – confidence interval, Model 1 – adjusted for age and male gender, Model 2 – further adjusted for smoking status,
fasting plasma glucose and dyslipidemia, Model 3 – further adjusted for statins and systolic blood pressure.

al stiffness, those with arterial stiffness are more
likely to have left ventricular hypertrophy and albuminuria. Third, ageing and presence of arterial
stiffness are two major potential risk factors for
pre-hypertension. Fourth, in subjects with pre-hypertension, increased cf-PWV is associated with
higher prevalence of target organ damage such as
left ventricular hypertrophy and albuminuria.
Hypertension has become one of the most
significant public health problems worldwide.
Observational studies and meta-analysis further
demonstrate that there is a linear relationship
between SBP and target organ damage, cardiovascular diseases and all-cause mortality [16, 17].
Therefore, from a long-term perspective, it is
reasonable to speculate that management of
pre-hypertension should be beneficial for reducing incident cardiovascular diseases and mortality. Moreover, prior observational studies also
suggested that pre-hypertension is linked to high
prevalence of comorbidities, indicating that subjects with pre-hypertension are a truly high-risk
population [18, 19]. Consistent with previous reports, the prevalence of target organ damage in
subjects with pre-hypertension is also not low in
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our present study. Nevertheless, the prevalence
of pre-hypertension in subjects who came to the
outpatient clinic for screening hypertension was
17.5% in our outpatient clinic, which was much
lower than in previous reports [20, 21]. Subjects
in our current research were relatively young and
without overt cardiovascular and renal diseases. One might speculate that the differences in
clinical characteristics between different studies
might explain these discrepancies.
We further evaluated potential risk factors for
pre-hypertension. Overall, we observed that ageing and presence of arterial stiffness were two
independent risk factors for pre-hypertension. Notably, ageing is a major risk factor for BP elevation
and the associated mechanisms are multifactorial. For example, ageing is significantly associated
with glomerular filtration rate reduction, which in
turn results in fluid retention and BP elevation. Notably, ageing is also a major risk factor for arterial
stiffness [10]. However, in our current study, after
adjustment for ageing, arterial stiffness remained
significantly associated with pre-hypertension.
From a pathophysiological perspective, on the one
hand, reduced aortic distensibility leads to aortic
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pressure increase and SBP elevation [9]; on the
other hand, the increased reflected wave from the
peripheral artery contributes to aortic augmentation increase and BP elevation [22]. These pathophysiological changes might also be associated
with left ventricular hypertrophy and albuminuria
in subjects with arterial stiffness. Indeed, numerous observational studies indicate that arterial
stiffness is an independent predictor for target
organ damage and cardiovascular events in both
general populations and hypertensive patients
[23, 24].
Notably, target organ damage such as left ventricular hypertrophy and albuminuria is an important predictor for future cardiovascular and
renal events in general hypertensive patients [25,
26]. Therefore, it is clinically relevant to manage
potential reversible conditions so as to prevent
target organ damage and improve cardiovascular
prognosis. We observed that in pre-hypertensive
subjects, the prevalence of left ventricular hypertrophy and albuminuria was not low, at 11.7%
and 8.6%, respectively. In the logistic regression
model, after adjustment for potential covariates,
we observed that arterial stiffness remained significantly associated with both left ventricular
hypertrophy and albuminuria. Mechanistically, increased cf-PWV is associated with greater
magnitude of blood flow back from the peripheral artery to the aortic artery during late systole,
which in turn increases left ventricular afterload
and causes left ventricular hypertrophy [27]. With
respect to albuminuria, numerous prior observational studies indicate that albuminuria is significantly associated with arterial stiffness, particularly in subjects with hypertension and diabetes
mellitus [28–30]. Importantly, extending previous
findings, our current results show that in subjects
with pre-hypertension, increased arterial stiffness
was also associated with albuminuria. Based on
the hemodynamic change related to arterial stiffness, one might speculate that in subjects with
pre-hypertension, the change of renal glomerular
pressure and infiltration rate might contribute to
albuminuria [28].
There were several limitations of our current study. First of all, the inherent limitation of
cross-sectional design could not allow us to confirm a causal relationship between arterial stiffness and left ventricular hypertension and albuminuria. However, findings from the current study
provided novel insight into this relationship. Second, in spite of extensive adjustment for potential
covariates, undetected and unmeasured residual covariates might still influence our findings.
Third, subjects in our current study were relatively
healthy and without overt cardiovascular and renal diseases; therefore, we should be aware that
the findings might not be extrapolatable to other

populations with different clinical characteristics.
Nevertheless, our current study has two clinical
implications. On the one hand, in subjects with
pre-hypertension, in addition to measuring brachial BP, arterial stiffness evaluation could help to
improve risk prediction of target organ damage.
On the other hand, better understanding of potential cardiovascular risk could help physicians
and patients to initiate primordial prevention,
which in turn could reduce the cardiovascular burden in the future.
In conclusion, our preliminary findings suggest
that in subjects with pre-hypertension, arterial
stiffness is independently associated with left
ventricular hypertrophy and albuminuria. The cfPWV may be a useful marker to identify who is at
increased risk of target organ damage. Future randomized controlled trials are warranted to investigate whether improvement of arterial stiffness
could prevent target organ damage in subjects
with pre-hypertension.
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