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BACKGROUND
Pulse wave analysis using the SphygmoCor system allows the 
estimation of central pulse pressure (PP) and peripheral and central 
augmentation indexes (AIxs). We studied the limits of normality of 
these measurements in Chinese.

METHODS
We computed limits of normality as the 95% confidence boundaries 
from regression models relating the arterial indexes to age.

RESULTS
The reference population included 924 subjects (50.7% men, mean 
age 40.7 years) without overt cardiovascular disease. Men, compared 
to women, had higher peripheral (43.3 vs. 41.7 mm Hg; P = 0.01) and 
central (32.9 vs. 30.9 mm Hg; P < 0.0001) PPs, but lower peripheral 
(69.0 vs. 74.2%; P < 0.0001) and central (16.6 vs. 21.0%; P < 0.0001) 

AIxs. All arterial measurements showed a curvilinear relation with 
age. Both before and after adjustment for confounding factors, 
peripheral and central PPs increased less (P ≤ 0.01) with age in men 
than in women, whereas the relation of peripheral and central 
AIxs with age was similar (P ≥ 0.13) in both sexes. In 40-year-old 
Chinese, approximate thresholds for peripheral and central PPs, 
peripheral and central AIxs were 58 mm Hg, 48 mm Hg, 105% and 
45%, respectively. Considering the age range from 20 to 60 years, 
thresholds varied within ~5 mm Hg, ~10 mm Hg, ~20%, and ~15% 
of the aforementioned thresholds for peripheral and central PPs, 
peripheral and central AIxs, respectively.

CONCLUSIONS
Pending further validation in prospective studies, our present study 
provides preliminary diagnostic thresholds for PP and AIxs in Chinese.
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Over the past decades, O’Rourke and other investigators1–4 
developed a simple and reproducible method to assess various 
indexes of arterial function.5,6 A validated algorithm permits 
transformation of the peripheral arterial to the central aortic 
waveform.7–9 Analysis of the shape and timing of these wave-
forms allows measurement of central pulse pressure (PP) and 
central and peripheral augmentation indexes (AIxs). Recent 
studies established a strong and independent association 
of peripheral and central PPs and AIxs with cardiovascular 
events.10–13 Assessment of these indexes will improve cardio-
vascular risk stratifications. Although the association between 
these arterial stiffness indexes and cardiovascular risk is prob-
ably continuous without a threshold at which the risk suddenly 
increases, clinicians need reference values to separate normal 
from abnormally elevated values to make clinical decisions.

Anthropometric characteristics, such as sex, age and body 
height, impact on the timing of the forward and reflected 
pulse waves and are therefore important determinants of 
AIxs.14 Similarly, cardiovascular risk factors also influence the 

functional and structural properties of large arteries. Compared 
to western and African populations, Chinese, especially those 
living in rural areas, have a shorter stature, are less obese, and 
have lower cholesterol levels.15–16 Because of these ethnic dif-
ferences between populations, the recently proposed reference 
frames for central PP and AIxs in whites17 and blacks18 might 
not be applicable to Chinese. We therefore determined diag-
nostic thresholds for the aforementioned measurements of 
arterial function in a Chinese population without cardiovas-
cular disease.

Methods
Study population. In the framework of our ongoing Chinese 
study on genes in hypertension,15,16 from 2003 through 2005, 
we recruited participants from 14 villages in the JingNing 
County, a rural area ~500 km south of Shanghai. The Ethics 
Committee of Ruijin Hospital and Shanghai Jiaotong University 
School of Medicine approved the study. We invited all villagers  
with a minimum age of 12 years to take part in this study. Of 
2,059 eligible subjects, 1,486 gave informed written consent. 
The participation rate was therefore 72.2%. At the time of 
writing of this report, 1,438 participants had their pulse wave 
recorded.

We administered a standardized questionnaire to obtain 
information on each subject’s medical history, smoking and 
drinking habits, and use of medications. Fasting venous blood 

mailto:jiguangwang@netscape.net
http://www.nature.com/doifinder/10.1038/ajh.2008.151


AMERICAN JOURNAL OF HYPERTENSION | VOLUME 21 NUMBER 6 | june 2008	  669

articlesReference Values for Pulse Wave Analysis

was collected to measure the concentration of total choles-
terol, blood glucose, and serum creatinine. Brachial (periph-
eral) blood pressure was the average of five consecutive 
readings measured by the mercury sphygmomanometer after 
the subjects had rested for at least 5 min at the sitting posi-
tion. Hypertension was defined as a blood pressure of at least 
140 mm Hg systolic or 90 mm Hg diastolic or the use of antihy-
pertensive drugs. Using <25 kg/m2, 25–30 kg/m2 and ≥30 kg/m2  
as thresholds, we classified subjects into those with normal 
weight, overweight, and obesity. Diabetes mellitus was defined 
as a blood glucose concentration of at least 126 mg/dl fasting 
(96.1% of the study sample) or 200 mg/dl random (3.9%), or 
the use of antidiabetic drugs.19 To generate a healthy adult 
population sample, we excluded 33 adolescents (age <18 
years) and 481 participants because of hypertension (n = 349), 
diabetes (n = 9), obesity (n = 8), hypercholesterolemia (serum 
total cholesterol ≥240 mg/dl; n = 72), renal dysfunction (serum 
creatinine ≥2 mg/dl; n = 2), or self reported thyroid disease 
(n = 4), or because they had previous or concomitant cardio-
vascular diseases, such as coronary heart disease, heart failure, 
stroke, transient ischemic attack, or intermittent claudication 
(n = 37). The reference sample therefore included 924 subjects.

Arterial measurements. To ensure steady state, we performed the 
arterial measurements in a quiet room of a temporarily estab-
lished examination center at each village. To avoid the circa-
dian variation of pulse waveforms, one trained physician (Y.L.) 
performed all arterial measurements in the morning after sub-
jects had rested for 15 min in the supine position. Subjects were 
asked to refrain from smoking, heavy exercise, and drinking 
alcohol or caffeine-containing beverages for at least 2 h before 
the examination. During an 8-s period, she recorded the radial 
arterial waveform at the dominant arm by applanation tonom-
etry. We used a high-fidelity SPC-301 micromanometer (Millar 
Instruments, Houston, TX) interfaced with a laptop com-
puter running the SphygmoCor software, version 7.1 (AtCor 
Medical, West Ryde, New South Wales, Australia). Recordings 
were discarded when the systolic or diastolic variability of con-
secutive waveforms exceeded 5% or when the amplitude of the 
pulse wave signal was <80 mV. We calibrated the pulse wave by 
measuring the brachial blood pressure immediately before the 
SphygmoCor recordings, using the validated20 OMRON 705CP 
oscillometric sphygmomanometer (Omron, Kyoto, Japan).

From the radial signal, the SphygmoCor software calculates 
the aortic pulse wave by means of a validated and population-
based generalized transfer function.7–9 The peripheral (radial) 
AIx was the ratio of the second to the first peak of the pressure 
wave expressed in percentage. The central (aortic) AIx was the 
difference between the second and first systolic peaks given as 
a percentage of the aortic PP. Peripheral and central PPs were 
defined as the difference between systolic and diastolic blood 
pressures derived from the brachial blood pressure measured at 
the subjects’ homes and from the aortic pulse wave, respectively. 
By repeat examination of 16 subjects at a mean time interval of 
1 h, we computed the coefficient of variation as the ratio of the 
mean difference between the two repeat measurements to the 

s.d. of the within-subject differences multiplied by 100.21 The 
intra-observer coefficients of variability were 9.2 and 6.7% for 
the central and peripheral AIxs, respectively.

Statistical analysis. For database management and statisti-
cal analysis, we used SAS software, version 9.1 (SAS Institute, 
Cary, NC). The central tendency and the spread of the data are 
reported as the mean ± s.d. We evaluated departure from nor-
mality by Shapiro–Wilk’s W statistic22 and by the coefficient of 
skewness, i.e., the third moment about the mean divided by the 
cube of the standard deviation. We applied the normal distri-
bution to determine the significance of the coefficient of skew-
ness. We compared means, medians, and proportions by a large 
sample z-test, Wilcoxon’s test, and the χ2-statistic, respectively.

Our statistical methods also included single and multiple 
linear regressions. After stratification for sex, we standardized 
the arterial measurements to a pulse rate of 75 beats per min, 
which was approximately the mean in our Chinese reference 
populations. We applied the formula As = Ao − b (PRo − 75), 
where As is the standardized arterial measurements, Ao is the 
observed arterial measurements, b is the regression coefficient 
relating Ao to pulse rate, and PRo is the observed pulse rate in 
each individual. To evaluate possible sex differences in the age 
dependency of the arterial measurements, we tested whether 
the interaction terms of sex with age and age squared signifi-
cantly increased the explained variance after adjustment for 
confounding factors. We computed the limits of normality 
from the upper 95% confidence boundary of the prediction 
interval for individual values from regression models, relating 
the arterial indexes to the linear and squared terms of age. We 
rounded these limits to the closest integer value.

Results
Characteristics of the participants
Our reference sample of 924 subjects included 456 women 
(49.4%). Age ranged from 18 to 83 years. Compared to women 
(P < 0.0001), men were on average 4.0 years older, had higher 
stature and body weight, higher serum total cholesterol, and 
higher levels of blood glucose and serum creatinine (Table  1). 
Among the 456 women, 70 (15.4%) reported natural or sur-
gical menopause, and 15 (3.2%) reported the use of oral 
contraceptives.

Distribution of the arterial measurements
In all subjects, the distributions of peripheral and central PPs 
and peripheral AIx departed from normality and were posi-
tively skewed (P < 0.001). The coefficients of skewness were 
0.46, 2.25, and 0.29, respectively. Central AIx was normally 
distributed (P = 1.0) with coefficients of skewness amount-
ing to −0.40. Figure 1 shows the distributions of these arte-
rial measurements in our reference population. In all subjects, 
peripheral and central PPs averaged 42.5 mm Hg (95% confi-
dence interval (CI), 41.9–43.1 mm Hg) and 31.9 mm Hg (CI, 
31.2–32.5 mm Hg), respectively. Peripheral and central AIxs 
averaged 71.6% (CI, 70.2–72.9%) and 18.7% (CI, 17.8–19.7%), 
respectively (Table 1).
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Arterial measurements in relation to sex and age
Tables 2 and 3 provide detailed statistics for peripheral and 
central PPs and for peripheral and central systolic AIxs by sex 
and age. Before 40 years of age, men had higher peripheral (42.8 
vs. 39.9 mm Hg; P = 0.0001) and central (29.6 vs. 27.0 mm Hg; 
P < 0.0001) PPs than women. However, after 40 years, men and 
women had similar peripheral (43.8 vs. 44.7 mm Hg; P = 0.35) 
and central (36.3 vs. 37.1 mm Hg; P = 0.50) PPs. Across the 

whole age range, men had lower peripheral and central AIxs 
than women (Table 1). After adjustment for age, body height, 
mean blood pressure, pulse rate, current smoking and alcohol 
intake, the gender difference in peripheral (mean 5.24%; 95% 
CI 2.59–7.90%; P = 0.0001) and central (6.63%; 3.51–9.76%; 
P < 0.0001) AIxs remained statistically significant.

In both men and women, peripheral and central PPs 
(Figure 2) and peripheral and central AIxs (Figure 3) showed a 
curvilinear relation with age. After adjustment for body height, 
mean blood pressure, pulse rate, current smoking and alcohol 

Table 1 | Characteristics of the participants by sex

Characteristic 
Men  

(n = 468)
Women  
(n = 456) P

Anthropometric measurements 

  Age (years) 42.7 ± 13.2 38.7 ± 11.6 <0.0001

  Height (cm) 162.6 ± 6.5 153.0 ± 5.8 <0.0001

  Weight (kg) 57.6 ± 7.5 51.8 ± 7.5 <0.0001

  Body mass index (kg/m2) 21.8 ± 2.3 22.1 ± 2.7 0.04

Lifestyle factors

  Current smoking, n (%) 316 (67.5) 0 <0.0001

  Alcohol intake ≥ 5 g/week, n (%) 352 (75.2) 119 (26.1) <0.0001

Biochemical measurements

  Total cholesterol (mg/dl) 180 ± 29 176 ± 29 0.02

  Blood glucose (mg/dl) 77 ± 13  79 ± 10 0.003

  Serum creatinine (mg/dl) 1.2 ± 0.2 1.0 ± 0.1 <0.0001

Peripheral arterial measurements 

  Systolic pressure (mm Hg) 115.7 ± 10.9 112.1 ± 12.0 <0.0001

  Diastolic pressure (mm Hg) 72.4 ± 8.4 70.4 ± 8.7 0.0004

  Pulse pressure (mm Hg) 43.3 ± 9.2 41.7 ± 9.4 0.01

  Augmentation index (%) 69.0 ± 21.1 74.2 ± 20.0 0.0001

  Heart rate (beats per min) 71.8 ± 10.9 74.6 ± 10.3 <0.0001

Central arterial measurements 

  Systolic pressure (mm Hg) 110.0 ± 16.7 105.6 ± 16.6 <0.0001

  Diastolic pressure (mm Hg) 77.2 ± 9.3 74.7 ± 9.1 <0.0001

  Pulse pressure (mm Hg) 32.9 ± 10.4 30.9 ± 10.1 0.003

  Augmentation index (%) 16.6 ± 15.6 21.0 ± 14.4 <0.0001

Values are mean ± s.d. or numbers (%).
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Figure 2 | Relations of the peripheral (top) and central (bottom) pulse 
pressures with age in men (left) and women (right). Each panel displays the 
regression line (solid) with 95% confidence intervals for the predictions of 
mean (short-dotted lines) and individual values (long-dotted lines).
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Figure 3 | Relations of the peripheral (top) and central (bottom)  
augmentation indexes with age in men (left) and women (right). Each panel 
displays the regression line (solid) with 95% confidence intervals for the 
predictions of mean (short-dotted lines) and individual values  
(long-dotted lines).
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intake, the partial regression coefficients relating the arterial 
measurements to age differed between men and women for the 
peripheral (age, −1.04 vs. −0.80; age squared, 0.012 vs. 0.011;  
P < 0.0001) and central (age, −0.48 vs. −0.38; age squared, 
0.0089 vs. 0.0093; P = 0.017) PPs, but not for the peripheral 
(age, 1.41 vs. 1.78; age squared, −0.0063 vs. −0.012; P = 0.21) 

and central (age, 1.25 vs. 1.58; age squared, −0.0068 vs. −0.011; 
P = 0.13) AIxs.

Proposal for diagnostic thresholds
To determine diagnostic thresholds, we rounded the upper 95% 
confidence boundary of the prediction interval for individual 

Table 3 | Peripheral and central augmentation indexes by sex and age
Men Women

Age <30 30–39 40–49 ≥50 All <30 30–39 40–49 ≥50 All

Number 71 167 101 129 468 109 174 102 71 456

Peripheral (%) 

  Mean 53.4 61.0 70.6 86.6 69.0 59.4 70.9 82.3 93.5 74.2

  s.d. 16.8 15.7 18.7 18.5 21.1 16.3 16.9 16.1 16.7 20.0

  P5 27.2 37.9 44.3 55.4 37.9 34.0 44.3 58.3 70.9 43.5

  P10 31.7 39.4 48.2 62.9 43.8 41.4 52.3 61.1 77.0 50.8

  P50 52.9 59.7 70.3 85.1 68.0 58.2 69.6 81.8 90.9 73.9

  P90 74.4 81.2 90.3 110.1 97.4 82.3 92.2 102.3 113.5 100.9

  P95 80.2 87.3 96.9 114.5 105.4 87.5 104.8 108.7 120.6 108.4

Central (%)

  Mean 4.77 10.6 18.2 29.5 16.6 9.35 19.1 27.4 34.1 21.0

  s.d. 14.0 12.8 14.2 10.8 15.6 13.6 12.2 10.5 9.5 14.4

  P5 −19.7 −14.4 −2.42 8.22 −11.26 −14.5 −3.9 10.4 17.1 −4.59

  P10 −15.0 −7.02 −0.05 13.5 −3.05 −8.96 5.7 14.0 24.1 1.68

  P50 5.28 10.2 20.6 31.0 18.1 10.1 19.5 28.0 34.6 21.9

  P90 21.2 26.4 33.1 42.3 36.2 27.2 34.0 40.0 45.8 38.8

  P95 26.6 30.2 36.2 44.8 40.0 33.3 38.2 44.1 46.8 42.4

P5, P10, P90, and P95 indicate percentile values.

Table 2 | Peripheral and central pulse pressures by sex and age
Men Women

Age group <30 30–39 40–49 ≥50 All <30 30–39 40–49 ≥50 All

Number 71 167 101 129 468 109 174 102 71 456

Peripheral (mm Hg)

  Mean 43.8 42.4 40.3 46.6 43.3 40.7 39.4 41.3 49.6 41.7

  s.d. 8.0 8.9 8.3 9.7 9.2 9.3 8.0 8.0 10.5 9.4

  P5 30.4 28.8 26.8 29.2 28.8 28.0 26.4 28.4 35.2 28.0

  P10 34.8 30.8 30.4 33.2 31.6 31.2 29.6 31.2 36.8 31.2

  P50 43.2 41.6 39.6 47.2 43.2 38.8 38.6 41.4 46.8 40.8

  P90 56.0 54.0 51.6 58.0 55.6 54.0 49.6 51.6 65.2 54.0

  P95 58.0 56.4 53.2 62.4 58.0 56.8 53.2 54.0 68.8 58.8

Central (mm Hg)

  Mean 29.6 29.6 31.0 40.4 32.9 25.2 28.2 32.2 42.8 30.9

  s.d. 12.2 5.4 7.0 12.4 10.4 5.9 6.1 8.3 14.2 10.1

  P5 21.8 21.2 21.9 25.8 21.9 17.6 20.3 23.2 23.9 19.3

  P10 22.7 22.3 22.6 28.5 23.2 18.7 21.0 24.4 26.9 20.9

  P50 27.1 28.9 30.4 38.4 30.5 24.1 28.2 30.5 40.9 28.8

  P90 35.4 37.3 38.4 57.6 42.8 33.2 35.3 46.4 59.5 44.6

  P95 38.4 38.8 42.2 62.9 51.6 37.1 40.0 49.9 63.8 50.5

P5, P10, P90, and P95 indicate percentile values.
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values from the regression models, relating the arterial mea-
surements to the linear and squared terms of age (Figures 2 
and 3). Table 4 lists these thresholds per decade of age for men 
and women separately, with and without standardization to a 
pulse rate of 75 beats per min. Thresholds with and without 
standardization were nearly similar.

With standardization to a pulse rate of 75 beats per min, in 
40-year-old Chinese, approximate thresholds of normality for 
the peripheral and central PPs were 58 mm Hg and 48 mm Hg 
and those for the peripheral and central AIxs were 105 and 
45%, respectively. Considering the age range from 20 to 60 years 
(Table 4), thresholds varied within ~5 mm Hg, ~10 mm Hg, 
~20%, and ~15% of the aforementioned rounded thresholds at 
40 years for the peripheral and central PPs and for the periph-
eral and central AIxs, respectively.

Discussion
We studied the distributional characteristics and the limits of 
normality of various measures of arterial pulse wave in relation 
to age in Chinese men and women. Before 40 years of age, 
men compared to women had higher peripheral and central 
PPs. However, after 40 years, peripheral and central PPs were 
similar between men and women. The increase of PP with age 
was steeper in women than in men. Men had lower peripheral 
and central AIxs than women across the whole age range. The 
regression slopes of AIxs with age were similar between men 

and women. The proposed diagnostic thresholds reflect these 
sex- and age-specific trends.

The arterial pressure wave consists of a forward compo-
nent generated by the heart and reflected waves returning to 
the heart from peripheral sites. In young subjects with elastic  
arteries, the reflected waves coincide with diastole and raise 
diastolic pressure. In old subjects with stiff arteries, the reflected 
waves move faster, reach the central arteries during systole and 
cause an augmentation of systolic pressure and PP, whereas 
diastolic pressure decreases.23 Central AIx is calculated as a 
percentage of augmentation pressure divided by PP, and can 
be used as an indirect measure of arterial stiffness. Pulse wave 
velocity, the distance of reflection points to the heart, blood 
pressure levels, and heart rate are the main determinants 
of AIxs. The gender difference in AIxs in our study might be 
attributed to the differences between men and women in age, 
body height, blood pressure levels, and heart rate.

A previous report on reference values for the SphygmoCor 
device included 534 Europeans without cardiovascular disease 
(57.3% women; mean age 34.9 years), recruited in the European 
Project on Genes in Hypertension.17 Consistent with our find-
ings, European men had higher peripheral and central PPs than 
women before 40 years of age, while after 40 years, men and 
women had similar PPs. In this European study, the proposed 
thresholds of the arterial measurements with age approximated 
to 60 mm Hg for the peripheral PP, 40 mm Hg for the central PP, 
90% for the peripheral AIx, and 30% for the central AIx.17 We 
noticed that across the age range in both men and women, the 
proposed limits for normality in Chinese were ~8 mm Hg higher 
for the central PP, and about 10% higher for the peripheral and 
central AIxs than in Europeans. Our Chinese participants were 
on average 5.3 years older than the Europeans. Moreover, we 
hypothesize that the smaller body height (mean, 158 cm vs. 170 
cm) of Chinese subjects is probably the main determinant of the 
ethnic differences in the proposed thresholds of normality.

In a smaller sample of 185 South Africans of black ancestry 
without hypertension, diabetes or previous or concomitant 
cardiovascular disease (58.4% women; mean age 33.5 years), 
the peripheral and central PP and the peripheral and central 
AIxs increased with age, but the quadratic term of age did not 
significantly improve this relation.18 The upper 95% confidence 
boundary of this relation at age 30 years were ~70 mm Hg for 
the peripheral PP, 50 mm Hg for the central PP, 100% for the 
peripheral AIx, and 40% for the central AIx. These thresholds 
needed adjustment by ~2.5 mm Hg, 4.0 mm Hg, 10%, and 6% 
for each decade that age differed from 30 years.18 In this black 
population, body height averaged 162 cm and pulse rate 63 per 
min.18 The proposed thresholds were higher than the estimates 
in our Chinese subjects and Europeans.17 Random variability 
due to the small sample size or more selective recruitment with 
a lower participation rate might explain the higher thresholds 
in the South African sample.

In our study, we found that both PPs and AIxs showed a cur-
vilinear relation with age. However, with age, PPs increased 
more in the elderly, whereas AIxs increased more in the young 
subjects. These observations were consistent with the results in 

Table 4 | Proposed thresholds for men and women with and 
without standardization for heart rate

Age  
(years) 

Proposed thresholds 
by age

20 30 40 50 60 

Without standardization for heart rate

  Peripheral pulse pressure (mm Hg) Men 64 60 58 59 62

Women 58 56 57 60 66

  Central pulse pressure (mm Hg) Men 47 46 48 51 57

Women 40 42 46 52 58

  Peripheral augmentation index (%) Men 78 90 101 110 119

Women 82 97 109 119 126

  Central augmentation index (%) Men 22 32 40 48 54

Women 25 37 46 53 58

Standardized to 75 beats per min

  Peripheral pulse pressure (mm Hg) Men 64 60 58 59 62

Women 58 57 57 60 66

  Central pulse pressure (mm Hg) Men 46 46 48 51 56

Women 40 42 46 51 58

  Peripheral augmentation index (%) Men 77 89 100 109 118

Women 83 97 109 118 125

  Central augmentation index (%) Men 21 31 39 47 53

Women 26 37 46 53 57

The diagnostic thresholds (rounded) are based on the upper 95th prediction band of the 
curvilinear relations between the vascular measurements and age. The reference sample 
included 468 men and 456 women.
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Europeans24 and in the Framingham study.25 In 4,001 healthy 
individuals recruited in the Anglo-Cardiff Collaborative Trial, 
McEniery and colleagues reported that central AIx showed a 
curvilinear relationship with age, and increased more with age 
in younger than older individuals.24 The continuous increase 
of systolic pressure with age and the leveling off or even 
decrease of diastolic pressure starting at 55 years of age might 
explain the greater increase of PP in the elderly than the young 
subjects. The steeper increase in PP (denominator for the 
computation of AIx) in older subjects might result in the less 
increase or even decrease of AIx in the elderly. Indeed, Fantin 
and colleagues found in 458 white subjects that AIx increased 
with age up to 55 years but plateaued thereafter, whereas aug-
mentation pressure continued to increase in the elderly.26

To our knowledge, our study is the first describing measures 
of arterial stiffness and wave reflections on an epidemiologic 
scale in a Chinese population. However, it has to be inter-
preted within the context of its limitations. We used analysis 
of the radial pulse wave to assess the central PP and the central 
AIx. Such an approach may introduce some errors in the esti-
mation of central blood pressures by using a radial-to-aorta 
transfer function with calibration on brachial instead of radial 
blood pressures.27 However, these calibration errors do not 
affect the computation of AIx.28 We did not exclude smokers 
from our reference sample. Smoking may increase the stiffness 
of large arteries and wave reflection, but we asked our subjects 
to refrain from smoking for at least 2 h before the examina-
tion. Although in the present analysis the difference in arterial 
measurements between male smokers and non-smokers was 
not statistically significant (P > 0.08), the influence of smoking 
cannot be ruled out. Finally, the normal reference group was 
defined by traditional risk factors, other than outcome data or 
invasive arterial imaging. The criteria for identifying a normal 
reference group might be incomplete. The ultimate definition 
of normality should depend on the multivariate-adjusted rela-
tion between cardiovascular outcome and the risk factor under 
study. The thresholds we proposed need to be tested further in 
prospective studies and other Chinese populations.
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