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Abstract

Background

Atherosclerotic diseases are currently important health hazard, and surrogate biomarkers (brachial �ow-mediated dilation
FMD and carotid intima-media thickness IMT) have been advocated for the documentation of early atherogenesis, epidemi-
ological comparison and preventive measures.

Subjects and Methods

To establish the reference values of brachial FMD and carotid IMT, we studied 2163 (male 983, female 1180) asymptomatic
Han Chinese,  aged  20-70  years  in  Southern  and Northern  China,  and  in  Overseas  Chinese  (1996-2007).  Fasting  glucose,
lipid  pro�le  (LDL-C,  HDL-C,  TG),  hemoglobin  A1-C,  folate  and  vitamin  B12  were  measured.  PM2.5  exposure,  brachial
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FMD and carotid IMT (ultrasound-derived) were evaluated.

Results

�e male and female subjects were similar in their mean age, blood glucose, HBA1-C and metabolic status (MS) (p>0.1),
but males had higher smoking status, BMI, DBP, LDL-C and TG, and lower HDL-C, folate, vitamin B12 and PM2.5 expo-
sure than the females (p<0.0002). Brachial FMD (8.43±2.58, 95% CI 8.21-8.65%) was signi�cantly greater, but carotid IMT
(0.63±0.13, 95% CI 0.62-0.64) signi�cantly lower in females than in the males (7.55±2.74, 95% CI 7.39-7.78, and 0.67±0.16,
95% CI 0.66-0.68mm respectively) p<0.0001. �e age speci�c percentile curves con�rmed signi�cant impairment of FMD
but obvious increase in IMT a�er 40 years of age, in the males in particular.

On multivariate regression FMD was inversely related to age (beta=-0.166, p<0.0001),  gender (beta=0.152, p<0.0001) and
PM2.5 (beta=-0.486, p=0.005), independent of smoking, and carotid IMT was related to age (beta=0.454, p<0.0001), gender
(beta=0.116, p<0.0001) and PM2.5 (beta=0.204, p=0.025), independent of BMI, SBP, DBP, LDL-C and MS. In comparison
with the French, Italian and Latin American populations, carotid IMT in overall Chinese cohort was signi�cantly lower.

Conclusions

�e age and gender  speci�c  reference values  of  early  atherogenesis,  brachial  FMD and carotid  IMT,  in  the  Chinese  were
established, and carotid IMT was lower than those in the Caucasian and Latin-American populations.

Keywords: Reference Values; Brachial Flow-mediated Dilation; Carotid Intima-media �ickness; Atherosclerotic Surro-
gates; Native vs Overseas Chinese; Comparative Epidemiology

Introduction

Atherosclerosis  is  currently  a  great  health hazard,
giving  rise  to  heart  attacks,  stroke  and  peripheral  vascular
diseases [1,2]. Pathogenesis of atherosclerosis involves long
process for decades of atherogenesis, starting with endothe-
lial  dysfunction,  in  early  age,  intima-media  thickening,
plaque  formation  with  or  without  rupture  and  ultimately
leading to angina, myocardial infarction, heart failure and is-
chemic  stroke  [3].  Early  preventive  measure  before  the
onset of full-blown atherosclerotic diseases is the most im-
portant strategy. Advance in ultrasonic imaging has facilitat-
ed high resolution vessel-imaging noninvasively, in particu-
lar with automatic edge-detection and measurement, and be-
come the gold standard, readily a�ordable and safe imaging
modality.  On this  issue,  two surrogate markers (brachial
�ow-mediated  dilation  FMD  and  carotid  intima-media
thickness IMT) have been advocated for the documentation
of early atherogenesis  and evaluation of preventive mea-
sures,  as  well  as  for  comparative epidemiological  studies
[4-12]. �ese include the prevention modalities for smok-
ing, hyperlipidemia, hypertension, diabetes mellitus, physi-
cal inactivities and air pollution (PM2.5) exposure [13-22].

Reference values of these 2 markers have been re-
ported  and  derived  mostly  from  the  Caucasians  [23-31].
with uncertain applicability to other ethnic groups, includ-
ing Chinese, due to possible inter-ethnic di�erences. Hence,
in the present study, we aimed to establish the reference val-
ues  of  brachial  FMD  and  carotid  IMT  in  Chinese  subjects
aged 20-70 years,  as well  as the determinant factors for th-
ese 2 markers in Chinese population.

Subjects and Methods

We  studied  2670  asymptomatic  Han  Chinese,
aged  20-70  years  in  Southern  China  (Hong  Kong,  Macau,
Pan  Yu),  Northern  China  (�ree  Gorges  Territories  of
Yangtze River, Yu County in Shanxi), and Overseas Chinese
(San  Francisco  in  USA,  and  Sydney  in  Australia)  in  years
1996-2007,  as  our  multinational  collaborative  Chinese
Atherosclerotic  Study  in  the  Aged  and  Young  (CATHAY
Study) community project (Figure 1). �e project study pro-
tocol has been outlined and the preliminary �ndings of Chi-
nese  cohorts  reported  previously  [32-40].  �e  majority  of
native  Chinese  were  either  born  locally,  or  a  minority  had
migrated to the locations from other Chinese cities for over
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20  years,  while  the  overseas  Chinese  were  either  born overseas or had migrated and stayed overseas for at least 15
years.

Figure 1: Schematic Diagram of Enrollment in CATHAY Study, Recruiting 2163 Native and Overseas Chinese adults

All  enrolled  subjects  were  apparently  healthy,
asymptomatic and had no known major cardiovascular, hep-
atic, thyroid or renal disorders, and were not taking any reg-
ular  medications  or  supplementary  vitamins.  Excluded
from the study (n=507) were those discovered a�er a physi-
cal examination and blood test to have cardiovascular, thy-
roid  or  renal  derrangements.  (Figure  1)  A�er  fasting  for
over  12  hours  and  provision  of  written  informed  consent,
their cardiovascular pro�les were evaluated, including smok-
ing status, body mass index (BMI), waist circumference and
waist-hip  ratio  (WHR),  systolic  and  diastolic  blood  pres-
sures  (SBP  and  DBP).  Fasting  blood  samples  were  taken
once at recruitment, for lipid pro�les (low density lipopro-
tein cholesterol LDL-C, high density lipoprotein cholesterol
HDL-C  and  triglycerides  TG),  glucose,  hemoglobin  A1-C,
folate,  vitamin  B-12  and  creatinine.  Blood  glucose  was  as-
sessed  by  hemstix,  folate  and  vitamin  B-12  were  evaluated
by  enzymatic  immune  assays  (Abbott  X  analyses,  Abbott
Park,  Illinous,  USA).  Blood  were  assayed  in  batches  at  the
Prince of Wales Hospital in Hong Kong, the Centro Hospi-
talas Corde San Januario in Macau, and the Second Hospi-
tal of Chongqing Medical University in Chongqing, all cur-

rently accredited by USA laboratory centers. �e long-term
particulate matters <2.5µm aerodynamic diameter (PM2.5)
exposure  over  China,  Sydney  and  San  Francisco  Bay  Area
were evaluated by satellite remote sensing technology, with
a root-mean-squared error of 8.9µg/m3, a correlation coe�-
cient of >0.9 and a mean absolute percentage error within
±20%, against the ground observation [41-43]. Metabolic
syndrome (MS) was diagnosed according to the Internation-
al Diabetes Federation (IDF) criteria [44-45].

Vascular Studies

Prognostic  atherogenesis  surrogate  markers,
brachial  FMD  and  IMT,  were  studied  once  at  recruitment
(2137,  26  defaulted),  using  high-resolution  B-mode  ultra-
sonography as outlined previously [32-40]. In brief, we used
a linear array transducer (L10-5) with a medium frequency
of 7.5MHz and a standard Advanced Technology Laborato-
ries  (ATL  3000,  USA)  or  Sonosite  (model  Micromaxx,
Bothell,  USA)  system  to  measure  the  diameter  of  the
brachial artery. A forearm tourniquet cu� was applied to in-
duce reactive hyperemia upon de�ation. �e scans were ac-
quired at rest and during reactive hyperemia for �ow-medi-
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ated endothelium-dependent dilation FMD and a�er 200µg
sublingual  glyceryltrinitrate  (GTN,  an  endothelium-inde-
pendent dilation). FMD and GTN were expressed as percen-
tage dilation of the vessel diameter from the baseline. Hyper-
emia, as a stress indicator to the endothelium, was calculat-
ed as the maximum increase in the blood �ow a�er cu� de-
�ation, compared with the baseline.

Carotid  IMT  of  both  carotid  arteries  were  mea-
sured,  using a standardized scanning protocol as described
by Salonen and Salonen, Bots, and Touboul [8,9,11]. Images
of the far wall of the distal 10 mm of the common carotid
artery were acquired. All scans were measured o�ine by a
veri�ed automatic  edge-detecting and measurement so�-
ware package. �e intra-observer reproducibility for mean
IMT was 0.03±0.01mm, the coe�cient of variation was 1%
(R=0.99), while the inter-observer variability was optimally
maintained (R=0.95).

Statistical Analyses

�e  project  database  was  processed  to  derive  the
mean values, standard deviations and 95% con�dence inter-
vals (CI) when appropriate. Standard testing of the normali-
ty of distribution was used for assessment of the normal dis-
tribution.  An  independent  sample  Students’  t-test  and  an
one-way  ANCOVA model  were  used  for  the  evaluation  of
the intergroup di�erences. 60 subjects aged >70 years or rec-
ognized obviously outliers of FMD or IMT values were ex-
cluded  from  the  �nal  analyses.  �e  primary  study  end-
points were carotid IMT and brachial FMD. �e other out-
come  variables  were  compared  a�er  a  Bonferroni  adjust-
ment  for  multiple  comparisons  [46].  Percentile  curves  for
brachial FMD and carotid IMT were constructed using the
LMS  standard  methods.  �e  LMS  method  evaluates  the
measurement  centiles  in  terms  of  three  age  –  and  gen-
der-speci�c cubic spline curves: the Box-Cox power to trans-
form  the  normally  distributed  data  (L  curve),  the  median
(M curve) and the coe�cient of variation (S curve).

(link:  https://www.healthforallchildren.com/shop-
base/shop/so�ware/lmschartmaker-light/)

Multiple regression analyses were carried out to as-
sess the determinants of the major risk factors for FMD and
IMT  in  the  CATHAY  subjects  respectively,  including  age,
gender,  smoking  status,  BMI,  SBP,  DBP,  LDL-C,  MS,
PM2.5 and locations (Overseas, Southern or Northern Chi-
na). �e beta e�ect was evaluated by mixed e�ect. �e vari-
ables  with signi�cant standard beta coe�cients  (beta value
with 2p<0.05) as a measure of the contribution to the model
were  identi�ed,  and  the  insigni�cant  variables  (2p>0.05)
was  subsequently  discarded  from  the  regression  model.  A
group  di�erence  with  an  error  probability  of  less  than  5%
(2p<0.05) was considered to be statistically signi�cant.

Sample  size  was  calculated  in  terms  of  the  stan-
dard  deviation  of  the  100th  centile  (c100,  alpha=0.05  for
95th percentile) using the sample size planning formula de-
veloped by Healy [47]. To obtain an extreme centile, i.e. the
97th centile, with an error of 5.0% and a power of 85%, the
estimated sample size of subjects for FMD was 1002 and for
IMT  1992  respectively.  �e  statistical  analyses  were  per-
formed  with  SPSS  version  25.

�e project complied with the 1995 and 2003 Dec-
laration of  Helsinki  for  human studies.  �e research study
and  written  informed  consent  form were  approved  by  our
institutional research ethics committee at the Chinese Uni-
versity of Hong Kong and Eastern New Territories of Hong
Kong (CREC 2000-108 & CREC 2018-157).

Results

A total of 2163 subjects were enrolled and includ-
ed,  1180  were  female  and  983  were  male  (Table  1).  �ey
were  similar  in  their  mean  age,  fasting  blood  glucose,
HBA1-C and metabolic syndrome status. �e male subjects
had  higher  smoking  status  (p<0.0001),  BMI  (p<0.0001),
SBP  (p=0.047),  DBP  (p<0.0001),  creatinine  (p<0.0001),
LDL-C  (p<0.0001)  and  TG  (p<0.0001),  but  lower  blood
HDL-C  (p<0.0001),  folate  (p<0.0001),  vitamin  B12
(p<0.0001) and PM2.5 pollution exposure (p<0.0002), com-
pared  with  female  subjects.  78.1%  of  females  were  native
Chinese, compared with 74.8% of male subjects (p=0.1).
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Table 1: Clinical Characteristics of 2163 Subjects in CATHAY Study

 Female(n= 1180) Male(n= 983) Overall(n=2163) P-value*

Age (yr) 46.5±11.6 47.6±11.8 47.0±11.7 0.28

Smoking Status (%) 4.8 38.6 20.8 <0.0001

BMI 23.0±3.8 23.7±3.4 23.3±3.6 <0.0001

WHR 0.83±0.07 0.87±0.06 0.85±0.07 <0.0001

SBP (mmHg) 121.0±17.9 122.5±16.6 121.8±17.3 0.047

DBP (mmHg) 77.5±10.4 80.0±10.7 78.7±10.6 <0.0001

Glucose (mmol/l) 5.4±1.0 5.4±1.0 5.4±1.0 0.53

mol/l) 61.8±15.2 83.1±18.9 71.3±20.0 <0.0001

LDL-C (mmol/l) 2.92±0.95 3.09±1.01 2.99±0.48 <0.0001

HDL-C (mmol/l) 1.33±0.36 1.17±0.33 1.25±0.86 <0.0001

Triglycerides (mmol/l) 1.26±1.05 1.48±1.09 1.36±1.08 <0.0001

HBA1-C (%) 5.4±0.69 5.7±1.1 5.6±1.0 0.1

Folate (mmol/l) 27.1±15.2 21.0±12.3 24.0±14.1 <0.0001

B12 (mmol/l) 334.4±247.9 274.8±171.7 303.8±214.2 <0.0001

MS (%) 20.4 17.8 19.7 0.6

PM2.5 (µg/m3) 52.4±26.8 48.8±27.0 50.8±26.9 <0.0002

*P value: Comparing Female & Male

BMI: Body Mass Index; B12: Vitamin B12; DBP: Diastolic Blood Pressure; HBA1C: haemoglobin A1c; HDL-C: High Density Lipoprotein
Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol; MS: Metabolic Syndrome; PM2.5: Particulate Matter<2.5um in Diameter; SBP:

Systolic Blood Pressure; WHR: Waist-Hip Ratio

Vascular Parameters

Mean  diameter  of  brachial  artery  in  the  females
(2.98±0.56  mm)  was  signi�cantly  lower  than  that  in  the
males  (3.70±0.61  mm,  p=0.0005),  while  the  hyperemia
(705.6±257.1% vs 664.9±265.1%) were similar (p=0.07), and
GTN  slightly  greater  in  the  females  (18.8±4.2)  than  in  the

males (17.6±3.6), p=0.0005. �e mean endothelium-depen-
dent dilation FMD were signi�cantly greater in the females
(8.43±2.58,  95%  CI  8.21-8.65%)  than  in  the  males
(7.59±2.24, 95% CI 7.39-7.78), p<0.0001. �e mean carotid
IMT,  however,  was  signi�cantly  lower  in  the  females
(0.63±0.13, 95% CI 0.62-0.64 mm) compared with the male
subjects (0.67±0.16, 95% CI 0.66-0.68mm), p=0.047.

Table 2: Vascular Parameters of CATHAY Subjects

Female Male P-value

Vessel Diameter (mm) 2.98±0.56 3.70±0.61 <0.0001 (0.0005)*

Hyperemia (%) 705.6±257.1 664.9±265.1 0.014 (0.07)*

GTN (%) 18.8±4.2 17.6±3.6 0.0001 (0.0005)*

FMD (%)(95% CI) 8.43±2.58(8.21-8.65) 7.59±2.24(7.39-7.78) <0.0001

IMT (mm)(95% CI) 0.63±0.13(0.62-0.64) 0.67±0.16(0.66-0.68) 0.047

*A�er Bonferroni Adjustment

95% CI: 95% Con�dence Interval; FMD: Brachial �ow-mediated Dilation; GTN: Glyceryltrinitrate-induced Dilation; IMT: Intima-media
�ickness
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Reference Values of Brachial FMD and Carotid IMT

�e  brachial  FMD  and  carotid  IMT  curves  were
normally  distributed  (Figure  2).  Mean  FMD  for  the
CATHAY cohort was 8.0±2.5%, and mean carotid IMT was
0.65±0.15mm.  �e  gender  and  age-speci�c  values  of

brachial  FMD  and  carotid  IMT  were  shown  (Figure  3-4).
�e  age  and  gender  speci�c  percentile  curves  of  brachial
FMD (Figure 5) and carotid IMT (Figure 6) were displayed.
�ese all showed age-related decrease in brachial FMD and
increase in carotid IMT, in particular in the males and age
over 40 years.

Figure 2: Normal distribution of (A) brachial �ow-mediated dilation (FMD) and (B) carotid intima-media thickness (IMT) in CATHAY Co-
hort
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Figure 3: Gender-speci�c brachial �ow-mediated dilation (FMD) in CATHAY subjects according to age, with display of the mean and stan-
dard deviation (%) in each age group.

Figure 4: Gender-speci�c carotid intima-media thickness (IMT) in CATHAY subjects according to age, with display of the mean and stan-
dard deviation (mm) in each age group.
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Figure 5: Smoothed brachial �ow-mediated dilation (FMD) in centiles 5%-95%) of CATHAY subjects according to age in the males (A) and
the females (B).
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Figure 6: Smoothed carotid IMT in centiles in CATHAY subjects in centiles 5%-95%) of CATHAY subjects according to age in the males (A)
and the females (B).

Determinants of Brachial FMD and Carotid IMT

On multivariate regression analyses, brachial FMD
was signi�cantly related to age (beta=-0.166, p<0.0001), gen-
der  (beta=0.152,  p<0.0001)  and  PM2.5  (beta=-0.486,
p=0.005),  independent  of  smoking  status  or  locations
(p<0.03),  but  not  to BMI,  SBP,  DBP,  LDL-C or  MS (Table
3). Carotid IMT was signi�cantly related to age (beta=0.454,

p<0.0001),  gender  (beta=0.116,  p<0.0001)  and  PM2.5  (be-
ta=0.204, p=0.025), independent of BMI, SBP, DBP, LDL-C
and MS, but not to smoking status or locations (Table 4).

For 1 standard deviation (SD) of  these signi�cant
determinants, brachial FMD decreased by 0.4-0.6% (Figure
7). For 1 SD of age increase (11.7 years), IMT increased by
0.07mm (95% CI 0.06-0.08mm), for 1 SD increase in LDL-C
(0.96  mmol/l),  IMT  increased  by  0.01mm  (95%  CI
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0.006-0.019mm),  and  for  1  SD  increase  in  PM2.5  (26.9 µg/m3),  IMT  increased  by  0.012mm  (95%  CI  0-0.027mm)
(Figure 8).

Table 3: Determinants of Risk Factors for FMD in CATHAY Chinese

Estimated Coe�cientBeta Value P-value

Age (yr) -0.166 <0.0001

Gender 0.152 <0.0001

Smoking Status (%) -0.083 0.020

BMI -0.051 0.166

SBP (mmHg) -0.030 0.549

DBP (mmHg) -0.038 0.418

LDL-C (mmol/l) 0.021 0.570

MS (%) -0.019 0.612

PM2.5 (µg/m3) -0.486 0.005

BMI: Body Mass Index; DBP: Diastolic Blood Pressure; FMD: Flow-Mediated Dilation; LDL-C: Low Density Lipoprotein Cholesterol; MS:
Metabolic Syndrome; PM2.5: Particulate Matter<2.5um in Diameter; SBP: Systolic Blood Pressure

Table 4: Determinants of Risk Factors for Carotid IMT in CATHAY Chinese

Estimated Coe�cientBeta Value P-value

Age (yr) 0.454 <0.0001

Gender 0.116 <0.0001

Smoking Status (%) 0.010 0.672

BMI 0.067 0.006

SBP (mmHg) 0.145 <0.0001

DBP (mmHg) -0.065 0.047

LDL-C (mmol/l) 0.075 0.002

MS (%) 0.066 0.008

PM2.5 (µg/m3) 0.204 0.025

BMI: Body Mass Index; DBP: Diastolic Blood Pressure; IMT: Intima-Media �ickness; LDL-C: Low Density Lipoprotein Cholesterol; MS:
Metabolic Syndrome; PM2.5: Particulate Matter<2.5um in Diameter; SBP: Systolic Blood Pressure
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Figure 7: Forest Plot of Brachial Flow-mediated Dilation (FMD) in CATHAY Subjects

Figure 8: Forest Plot of Carotid Intima-media �ickness (IMT) in CATHAY Subjects

Discussion

�e  normal  values  of  brachial  FMD  (8.07±2.46,
95%  CI  7.81-8.30%)  and  carotid  IMT  (0.65±0.15,  95%  CI
0.64-0.66mm)  as  prognostic  atherosclerosis  surrogates  in
di�erent  age  and  gender  groups  in  the  Chinese  (n=2163)
were established in Northern and Southern China as well as
in  overseas  migrants.  �ese  con�rmed  the  �ndings  of  our
preliminary  reports  in  410-1656  CATHAY  subjects  on
mean brachial FMD (ranging 7.75-8.15%) and mean carotid
IMT  (ranging  0.64-0.65mm)  [14-15,21-22,32-35,38-40].

�e  current  report  included  the  subjects  from  all  of  these
preliminary reports. �ese will be important and mandato-
ry for epidemiological comparison and con�rmation of the
preventive  strategies,  both  for  traditional  atherosclerosis
risk  factors  and  emerging  factors  such  as  PM2.5  air  pollu-
tion.

FMD was signi�cantly related to age, male gender,
smoking and PM2.5 pollution, whereas carotid IMT was re-
lated  to  age,  male  gender,  PM2.5  and  traditional  risk  fac-
tors. �e gender di�erence regarding FMD could be mainly
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attributed to di�erence in vessel size, apart from their di�er-
ent  neurohormonal  status  [6,48,49].  Age,  gender,  PM2.5,
BMI,  SBP  and  MS  were  signi�cant  determinant  factors  of
carotid  IMT,  with  0.02-0.06mm  di�erence  in  carotid  IMT
for 1 SD of risk factors. To contextualize these di�erences, a
0.1mm increase  in  carotid  IMT has  been associated with a
41% increase  in  stroke  and 43% increase  in  acute  myocar-
dial infarction over a follow-up period of 2-7 years [9]. �e
8% di�erence in carotid IMT was approximately similar to
the kind of di�erence seen between diabetic and non-diabet-
ic Chinese adults [35].

In  comparison  with  the  Italian,  French  and  Latin
American cohorts [29-31, 50-52], using similar methodolo-
gies  of  ultrasonic  scanning  and  analysis  package,  carotid

IMT in the Chinese is identical to those of Lima cohort, but
lower (thinner) than those reported in Italian, Buenos Aires
Mexico  cities  and  overall  Latin  American  cohorts  (Table
5A&5B).  Similarly,  for  those  without  risk  factor,  carotid
IMT in the Chinese is  lower (thinner) than the French co-
hort  (Table 5C).  �e mean IMT reported from Santiago is
slightly lower than our CATHAY cohort.[30] On the same
issue,  we  have  previously  reported  better  preservation  of
brachial FMD in Chinese than the Australian White on ex-
posure  to  westernization,  aging  and  smoking  [32].  By  en-
large, our normal values of these two atherosclerosis surro-
gate markers concur with our previous epidemiological �nd-
ings  of  lower  prevalence  of  atherosclerotic  diseases  in  the
Chinese compared with the Western peoples.

Table 5A: Comparison of Mean Carotid IMT in Overall Chinese versus Other Ethnics

Study CATHAY PARC[31] PARC-AALA[29] CARMELLA[30] VITA[49-50]

Country Chinese French French/ Latin American/Asian Latin American Italian

No. of Subjects 2163 5264 2328 10415 2420

Male Age (yr) 47.6±11.8 50.6±11.6 49.8±8.7 44.7±11.3 54±14.5

Male (%) 45.4 57 48.2 46.6 44.3

Carotid IMT (mm) 0.65±0.15 0.75±0.12 0.69±0.11 0.67±0.11 0.67±0.28

Numerical numbers 29, 30, 31, 49-50 indicate ‘references’

Table 5B: Comparison of Carotid IMT in Di�erent City/ County

Age Groups (Years)

Study Year No. of Subjects Overall (mm) 25-34 (mm) 35-44 (mm) 45-54 (mm) 55-64 (mm) >64 (mm)

CATHAY 2007(Chinese) 2163 0.65±0.15(0.64-0.65)

Female 1180 0.52±0.07 0.59±0.09 0.66±0.12 0.7±0.17 0.76±0.18

(0.51-0.53) (0.58-0.60) (0.65-0.67) (0.70-0.73) (0.72-0.81)

Male 983 0.56±0.09 0.60±0.09 0.68±0.13 0.75±0.17 0.79±0.27

(0.54-0.57) (0.59-0.62) (0.66-0.69) (0.73-0.78) (0.73-0.86)

CARMELLA 2007 [30](Latin America)

Buenos Aires 1482 0.74(0.74-0.75)

Female 0.68 0.71 0.76 0.81

(0.67-0.68) (0.70-0.72) (0.74-0.77) (0.80-0.82)

Male 0.70 0.74 0.79 0.85

(0.68-0.71) (0.73-0.75) (0.78-0.81) (0.83-0.87)

Mexico City 1722 0.69(0.69-0.70)

Female 0.67 0.68 0.70 0.73

(0.66-0.68) (0.67-0.68) (0.69-0.71) (0.72-0.75)
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Male 0.68 0.69 0.73 0.76

(0.67-0.69) (0.68-0.69) (0.72-0.74) (0.75-0.78)

Lima 1632 0.63(0.63-0.64)

Female 0.57 0.62 0.68 0.72

(0.57-0.58) (0.61-0.62) (0.67-0.69) (0.71-0.73)

Male 0.58 0.63 0.68 0.72

(0.57-0.59) (0.62-0.65) (0.67-0.69) (0.71-0.74)

Santiago 1655 0.60(0.59-0.60)

Female 0.53 0.58 0.62 0.68

(0.52-0.54) (0.57-0.58) (0.61-0.64) (0.67-0.69)

Male 0.55 0.61 0.65 0.70

(0.54-0.55) (0.60-0.62) (0.64-0.66) (0.68-0.71)

( ): 95% Con�dence intervals

Table 5C: Comparison of Carotid IMT (mm) in Chinese vs French Population Without Risk Factor

Study Year IMT Percentile Female Male

30–39 40–49 50–59 60–69 30–39 40–49 50–59 60–69

PARC [31]2009

French P05 0.467 0.514 0.553 0.575 0.464 0.528 0.549 0.569

(n=889) P10 0.492 0.539 0.586 0.612 0.519 0.560 0.585 0.618

P25 0.537 0.576 0.619 0.665 0.574 0.586 0.637 0.663

P50 0.588 0.640 0.669 0.752 0.616 0.653 0.701 0.738

P75 0.635 0.691 0.737 0.817 0.672 0.705 0.787 0.842

P90 0.670 0.726 0.789 0.865 0.749 0.756 0.836 0.909

P95 0.687 0.745 0.828 0.906 0.772 0.802 0.914 1.030

CATHAY 2007

Chinese P05 0.452 0.455 0.531 0.505 0.410 0.441 0.515 0.521

(n=1029) P10 0.480 0.490 0.581 0.553 0.450 0.500 0.564 0.580

P25 0.510 0.540 0.635 0.646 0.510 0.570 0.646 0.688

P50 0.560 0.600 0.673 0.713 0.550 0.610 0.703 0.750

P75 0.590 0.659 0.730 0.785 0.610 0.678 0.808 0.796

P90 0.633 0.706 0.830 0.841 0.640 0.736 0.875 0.966

P95 0.644 0.730 0.899 0.850 0.675 0.770 0.957 1.034

Brachial FMD and carotid IMT are both prognos-
tic  surrogates of  atherogenesis  related to long term cardio-
vascular or stroke outcome. FMD measurement is more dy-
namic and vulnerable to short term variability in physiologi-
cal status, mental and physical stress, whereas IMT measure-
ment is comparatively more stable [48-50]. We have previ-
ously  reported  carotid  IMT  is  lower  in  working  farmers

than  in  ex-farmers  in  the  3-Gorgles  Dam  Territories.
Lifestyle  changes  in  ex-farmers  is  associated  with  a  worse
IMT, compared with those remaining in farming work [39].
In modernizing China, PM2.5 pollution is signi�cantly relat-
ed to worse IMT and to those with metabolic syndrome in
particular, with thinner IMT in Southern Chinese, as com-
pared  with  Northern  Chinese  and  Overseas  Chinese  mi-
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grants  [21-22,  38,  53].  Improvement  in  IMT  was  demons-
trated a�er folate and vitamin C supplementation in North-
ern Chinese,  and a�er  vitamin B12 correction in the vege-
tarians in Hong Kong and in Northern Chinese with subop-
timal vitamin B12 status, as compared with those with nor-
mal B12 status [54]. Similarly adjunctive traditional Chinese
medicine  treatment  in  coronary  and  hypertensive  subjects
was associated with a signi�cant improvement in FMD and
IMT in the randomized placebo-control studies [17,55].

In the present report, two di�erent ultrasonic ma-
chine  models  (ATL3000  or  Sonosite)  were  utilized  for
brachial  and carotid imaging by two investigators  (CP and
HYJ).  �e  images  were  measured  and  analysed  blindly
throughout, using the same scanning protocol and automat-
ic  edge-detecting  analysing  packages.  Accordingly,  varia-
tions  due  to  technical  di�erences  were  kept  minimized,
with good intra-observer reproducibility and inter-observer
variability,  despite  the  relatively  long  period  of  study  (11
years) over 11 sites in mainland China and Overseas.

For a valid FMD measurement, we need an induc-
tion of forearm ischemia (by cu� in�ation) and subsequent
reactive  hyperemia  (on cu� de�ation).  Reactive  hyperemia
can be monitored by measuring the increase in blood �ow
compared with basal �ow. �e resulting �ow or shear rate--
mediated dilation was measured o�ine retrospectively, com-
pared with basal brachial diameter. In this regard, the short
supply of video-recorder and tape for image storage has re-
cently  become  a  problematic  logistic  issue.  More  e�cient
continuous digital storage onsite for longer period (>2 min-
utes)  in  current  ultrasonic  machines  and  online  measure-
ment of vessel diameters by automatic edge-detecting tech-
nology, ought to be developed and popularized for the pro-
motion of FMD measurement in the future. In-service train-
ing of  ultrasonographer to familiarization of  the ultrasonic
acquisition  and  online  measurement  is  equally  important
and mandatory  for  the  reporting  of  more  accurate  and re-
producible FMD results. On the other hand, much progress
has been made in IMT imaging and analyses in recent years,
including instantaneous digital acquisition and storage, au-
tomatic  edge-detecting  facility  and  measuring  packages  to
facilitate a more user-friendly, practical and highly reprodu-

cible IMT measurement.

Limitation of Study

We acknowledge certain limitations in the present
CATHAY  Study.  Firstly,  all  subjects  recruited  were  volun-
teers but not quota samples of speci�c cities and may not be
truely representative of the real general population. Second-
ly for similar reason, female subjects are believed to be more
health-concerned,  and  therefore  we  have  slightly  more  fe-
males (54.6%) coming up for the study. However,  the nor-
mal  values  of  FMD  and  IMT  in  each  gender  are  still  valid
for highlighting a gender di�erence. �irdly our CATHAY
cohort  was  studied  prospectively  for  demographic  factors,
ultrasonic  imaging  and  blood  tests,  although  at  di�erent
time  over  11  years,  no  follow  up  vascular  restudy  was
planned or arranged. Fourthly only the far wall of both com-
mon  carotid  arteries  was  measured  and  registered,  which
had made the IMT measurement more reproducible and de-
creased  the  variability.  While  the  normal  values  of  carotid
IMT of both bifurcations may be more signi�cant for re�ect-
ing  the  carotid  atherosclerosis  progression,  their  measure-
ment  would  have  increased  the  standard  deviations  of  our
reference values.

Summary and Clinical Implications

�e normal values, age and gender distribution of
brachial  FMD  and  carotid  IMT  for  Southern,  Northern
Mainland China and Overseas Chinese migrants were estab-
lished. �ese were signi�cantly related to traditional modi�-
able  and  non-modi�able  atherosclerotic  risk  factors.
Carotid  IMT  in  the  Chinese  was  lower  than  those  in  the
French,  Italian  and most  Latin  American populations.  �-
ese values should help adding local public health epidemio-
logical information, and improving clinical e�orts to reduce
cardiovascular  risk  and  diseases  in  Chinese  population,  in
mainland China and overseas alike.

Data Availability

�e research data will be available from the corre-
sponding author to the editor and readers on reasonable re-
quest.
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