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Summary

Background There were no reports on the associations of aortic arch calcification (AAC) measured by chest X-ray
with all-cause mortality and cardiovascular disease (CVD) in older general population. Moreover, previous studies of
hemodialysis patients showed that AAC was correlated with left ventricular hypertrophy (LVH) and predicted CVD
jointly. Whether the effects remained in the general population is unknown. We examined the associations of AAC
with all-cause mortality and CVD in general population and the risk associated with the coexistence of AAC and
LVH.

Methods Presence and severity (grades o-2) of AAC were measured by chest X-ray, and LVH was identified by 12-
lead electrocardiogram in 277,166 Chinese aged 50+ years free of CVD from Guangzhou Biobank Cohort Study. Mul-
tivariate Cox regressions were used to examine associations of AAC and LVH with outcomes.

Findings During an average follow-up of 14-3 years, 5,350 deaths and 4,012 CVD occurred. Compared to those with-
out AAC at baseline, those with AAC had higher risks of all-cause mortality (HR 1-24, 95% CI 1-17-1-31) and CVD
(HR 1-22, 95% CI 1-14-1-30), with dose-response relationship (P < o-oor1). Furthermore, those with coexistence of
AAC and LVH had higher risks of all-cause mortality (HR 1-72, 95% CI 1-37-2-15) and CVD (HR 1-80, 95% CI 1-40-
2-32) than those without AAC and LVH.

Interpretation As chest X-ray has been performed commonly for health screening and in hospital patients when
first admitted, AAC measured by chest X-ray can be further applied to assist cardiovascular risk stratification in the
community and clinical settings.

Funding The Natural Science Foundation of China (No. 81941019).

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Cardiovascular disease; Mortality; Risk factor; Aortic arch; Vascular calcification

Introduction

Abbreviations: AAC, aortic arch calcification; CVD, cardiovascu- Cardiovascular disease (CVD) is a major cause of disabil-
lar disease; LVH, left ventricular hypertrophy; GBCS, Guangz- 1ty and premature death in the world." The age-standard-
hou Biobank Cohort Study; CT, computed tomography; IHD, ized CVD mortality has been declining in high-income
ischemic heart disease; M1, myocardial infarction countries over the past few decades, whereas declining
*Corresponding author. trends are not clear in low- and middle-income countries
#*Corresponding authors at: School of Public Health, The Uni-  (LMICs),” highlighting the need of identifying neglected
versity of Hong Kong, 7 Sassoon Road, Pokfulam, Hong Kong, ~ CVD risk factors especially in LMICs.
China. Vascular calcification is a common pathological

E-mail  addresses:  zwsgzen@163.com  (W.S.  Zhang),  manifestation of atherosclerosis, vascular damage and

hrmrlth@hku.hk (T.H. Lam), xulin27 @mail.sysu.edu.cn chronic kidney disease.’ Calcification in coronary
(L. Xu).

www.thelancet.com Vol 23 Month June, 2022

Check for
updates

The Lancet Regional
Health - Western Pacific
2022;23: 100460
Published online xxx
https://doi.org/10.1016/j.
lanwpc.2022.100460


http://crossmark.crossref.org/dialog/?doi=10.1016/j.lanwpc.2022.100460&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zwsgzcn@163.com
mailto:hrmrlth@hku.hk
mailto:xulin27@mail.sysu.edu.cn
https://doi.org/10.1016/j.lanwpc.2022.100460
https://doi.org/10.1016/j.lanwpc.2022.100460

Articles

Research in context

Evidence before this study

We searched PubMed using the keywords of (“aortic
arch” AND “calcification” AND “mortality”), and identified
a total of 305 articles. Apart from 277 irrelevant articles,
of 24 studies based on patients with chronic kidney dis-
ease or dialysis and 3 review articles, we found no reports
on the associations of aortic arch calcification (AAC) on
chest X-ray with all-cause mortality and cardiovascular
disease (CVD) in older general population. In addition,
vascular calcification was a predictor of left ventricular
hypertrophy (LVH), and the latter was associated with
higher risks of all-cause mortality and CVD. Whether the
coexistence of AAC and LVH increases the risks of all-
cause mortality and CVD is unknown.

Added value of this study

After 14-3 years of follow-up, AAC predicted increased
risks of all-cause mortality (HR=1-24, 95% ClI 1-17-1-31)
and CVD (HR=1-22, 95% Cl 1-14-1-30) with dose-response
relationship (P < 0-001), and the risk further increased
with coexistence of left ventricular hypertrophy.

Implications of all the available evidence

As chest X-ray has been performed commonly for health
screening and in hospital patients when first admitted, it
is a convenient alternative for measuring AAC, our find-
ings suggest further utility of the chest radiograph, when
it is already done, to assist cardiovascular risk stratifica-
tion in the community and clinical settings.

artery,* abdominal aorta,’ thoracic aorta® ® and multi-
site extra-coronary arteries”'® has been associated with
higher risks of death and CVD in the general popula-
tion, but evidence on the association of aortic arch calci-
fication (AAC) is limited.®*"" Most previous studies on
AAC were conducted in patients with end-stage renal
disease and they consistently showed a higher risk of
CVD related to AAC.”* "2 We found only one prospec-
tive population-based cohort study in the United States
(US) on 116,309 participants with 28 years of follow-
up.”® This study showed that AAC measured by chest
radiograph at checkup in 1964-1973 was associated with
a higher risk of nonfatal and fatal coronary heart disease
(CHD) in both sexes and ischemic stroke in women.>®
Our paper from the Guangzhou Biobank Cohort Study
(GBCS) showed that the baseline prevalence of AAC in
middle-aged to older Chinese appeared to be higher
than that of similar age groups in the US study.*' How-
ever, whether the US results more than 20 years ago
can be generalized to contemporary Asian and other
populations is unclear.

Computed tomography (CT) is the gold standard for
measuring vascular calcification. The Rotterdam Study
showed that AAC volume measured by CT was

associated with both cardiovascular and non-cardiovas-
cular mortality, independent of cardiovascular risk fac-
tors and calcification elsewhere.”” However, the high
cost and ionizing radiation have limited the use of CT
in large epidemiologic studies. AAC grades on chest X-
ray was positively associated with coronary artery calcifi-
cation score determined by CT.***4 However, whether
the presence of AAC in chest X-ray predicts risks of all-
cause mortality and CVD remains to be examined.

Moreover, in dialysis patients, vascular calcification
was a predictor of left ventricular hypertrophy (LVH),*
and the latter was associated with higher risks of all-
cause mortality and CVD.>® Whether the coexistence of
AAC and LVH increases the risks of all-cause mortality
and CVD is unknown. Therefore, we examined the asso-
ciations of AAC measured by chest X-ray with all-cause
mortality and CVD (nonfatal and fatal) in the general
population using data from the GBCS. We also hypothe-
sized that participants with coexistence of AAC and
LVH had higher risks of all-cause mortality and CVD
than those with only one of the two risk factors.

Methods

Study population

Details of GBCS and AAC studies have been reported
previously.””>9 Briefly, GBCS is a 3-way collaboration
among the Guangzhou Twelfth People’s Hospital and
the Universities of Hong Kong and Birmingham. All
participants were recruited from “The Guangzhou
Health and Happiness Association for the Respectable
Elders” (GHHARE), a community social and welfare
organization. GHHARE included about 7% of Guangz-
hou residents aged 50 years or older, with branches in
all districts of Guangzhou, the capital city of Guang-
dong Province in southern China. All information was
collected by full-time trained nurses and technicians.
Fasting blood samples were drawn using a vacutainer
tube, and biochemical parameters were measured in
the hospital laboratory. Face-to-face interviews were
done using a computer-assisted standardized structured
questionnaire. The Guangzhou Medical Ethics Commit-
tee of the Chinese Medical Association approved the
study. All participants gave written informed consent
before participation.

Exposure

Both presence and severity of AAC were assessed by
plain chest X-ray examination using a Toshiba KSO-15R
machine. The chest X-ray films were taken when the
participants were in the standing posteroanterior posi-
tion and with deep inspiration breath-hold. All chest X-
ray films were reviewed independently by two experi-
enced radiologists who were blinded to the participants’
identities and information on exposures and disease
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history. As shown in our previous paper, the rate of
agreement on diagnosis for the two radiologists was 85%
and Kappa coefficient was 0-68 (P < o-oo01), showing a
moderate agreement.”" Details of the assessment of AAC
in the GBCS have been described elsewhere.*® The length
of calcification plaque was used to assess the severity of
AAC. In participants with plaques at more than one loca-
tion, the radiologists added the lengths of the differently
located calcification plaques to get the total length. The
severity of AAC was classified into 3 calcification grades
(grade o indicated no AAC, grade 1 was defined as length
of calcification plaque < 10-0 mm and grade 2 was defined
as length of calcification plaque > 10-0 mm).*?

Outcomes

Outcomes included all-cause mortality and the first
development of nonfatal or fatal CVD. Causes of death
and CVD were coded according to the 1o™ revisions of
the International Classification of Diseases (ICD-10) by
trained clinical coding officers in each hospital. CVD
was defined as any hospital admission or death from
ischemic heart disease (IHD) (ICD-1o: I20-I25), stroke
(ICD-10: 160-169), peripheral artery disease (ICD-10:
I73) and heart failure (ICD-10: I50). When a participant
had multiple CVD events, the first event was designated
as the incident event. Information on underlying causes
of deaths up to April 2021 was mostly obtained via
record linkage with the Death Registry Department of
the Guangzhou Centre for Disease Control and Preven-
tion (GZCDC). Incidence information on CVD up to
December 2018 was collected from the hospitalization
data of the Guangzhou Social Insurance Bureau and
GZCDC. Vital status of all participants was ascertained
from three separate sources. When the death certificates
were not issued by medical institutions (and hence
might have quality issue with the coding), the causes of
death were verified by the GZCDC as part of their qual-
ity assurance programme by cross-checking past medi-
cal history and conducting verbal autopsy. Eleven verbal
autopsy meetings were conducted in the Guangzhou
Twelfth People’s Hospital to verify the deaths with
uncertain causes. A physician panel including five chief
physicians from various disciplines reviewed all avail-
able medical records of the same individuals and
assigned in a standard manner a cause of death, with
assistance of an epidemiologist in the last meeting for
unsettled cases.’**" Details of the follow-up methods in
GBCS have been reported elsewhere.>*

Potential confounders

Potential confounders considered included baseline
demographic characteristics, lifestyle factors (smoking
and alcohol use), family and personal medical history,
anthropometrics (weight and height), and clinical
parameters (systolic and diastolic blood pressure (BP),
fasting plasma glucose, lipids and inflammatory
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markers). Body mass index (BMI) was calculated as
weight in kilogram divided by square of the height in
meters (kg/m?). Physical activity was measured by a val-
idated Chinese version of International Physical Activity
Questionnaire (IPAQ) (validated by us*#) and classified
into inactive, moderately active and physically active.
BPs were measured in the seated position in triplicate
using a digital BP monitor. Hypertension was defined
as systolic and/or diastolic BP > 140/9ommHg, or
being on treatment with medication for hypertension.
Biochemical parameters including fasting plasma glu-
cose, lipids (low- (LDL-), high-density lipoprotein
(HDL-) cholesterol, triglycerides (TG)) and uric acid
(UA) were measured using a biochemical auto-analyzer
in the clinical laboratory of hospital. The estimated glo-
merular filtration rate (eGFR), lower values indicating
poor kidney function, was calculated by the Chronic
Kidney Disease Epidemiology Collaboration equation
using serum cystatin C equations as we previously
reported.>> All participants received blood test, but only
9,115 participants recruited in 2003-2004 (the first
recruitment phase) measured eGFR and UA.

Effect modifiers

Sex, age, smoking status, diabetes and LVH were consid-
ered as effect modifiers. Diabetes was defined by fasting
glucose > 7-0 mmol/l, use of anti-diabetes medications,
or self-reported physician-diagnosed diabetes. LVH was
measured by electrocardiogram (ECG). Details of ECG
measurement were reported in one of our previous stud-
ies.’® Briefly, ECG was performed in the supine position
after resting for 5 min. The ECG recordings were evenly
distributed to two qualified physicians in the Guangzhou
Twelfth People’s Hospital, interpreted independently
and blinded to other information. Any uncertainties in
interpretation of ECG were resolved through discussion.
LVH was defined as the ECG pattern meeting the Cornell
voltage criteria [SV3 + RaVL > 28 mm for men, > 20 mm
for women] *” or Sokolow—Lyon indices [SVI + RV5 >
35 mm and RaVL > 11 mm].**

Statistical analysis

Chi-square tests or analysis of variance (ANOVA) were
used to compare participants’ baseline characteristics by
the presence of AAC. Possible confounding factors with
a P-value less than o-o5 were adjusted in the multivari-
able regression models. The Cox proportional hazards
regression was used to calculate crude and adjusted haz-
ard ratios (HRs) as well as 95% confidence intervals
(CIs). The Cox proportional assumption was checked by
visual inspection of plots of log (—log S) against time
using “stphplot” command in STATA, where S was the
estimated survival function. Follow-up time for each
participant was calculated from the date of baseline
enrollment to the date of diagnosis of CVD, death, or
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the end of the study on April 19, 2021, whichever came
first. Cumulative survival curves were generated by the
Kaplan-Meier method, and between-group survival was
compared by the log-rank test. We conducted likelihood
ratio tests for comparison the fitness of models with
and without including interaction terms between AAC
and some potential effect modifiers (sex, age, smoking
status, diabetes and LVH). In sensitivity analyses, we
excluded deaths within the first 3 years of follow-up to
avoid reverse causation (where severe AAC at baseline
was the result of poor health status, rather than the
cause, of the underlying pathology). In addition, we also
performed competing risk survival analyses for all-cause
mortality and CVD. As the proportion of missing values
was less than 3% for all included variables, we used
complete-case analysis in the current study. All statisti-
cal analyses were done using STATA/MP 16.0 and all
tests were two-sided with significance level of 0-05.

Role of the funding source

The Guangzhou Biobank Cohort Study was funded by
the Natural Science Foundation of China (No.
81941019), the Major Infectious Disease Prevention
and Control of the National Science and Technique
Major Project (2018ZX10715004), the National Key
R&D Program of China (2017YFCog9o7y100), Natural
Science Foundation of Guangdong (2018A030313140),
the Guangzhou Science and Technology Bureau
(201704030132), the University of Hong Kong Founda-
tion for Educational Development and Research (SN/1f/
HKUEF-DC; C20400.28505200), the Health Medical
Research Fund (HMRF/13143241) in Hong Kong and
the University of Birmingham, UK. The funders had no
any role in study design, data collection, data analyses,
interpretation, writing of the report.

Results
30,430 participants aged 5o+ years were recruited at
baseline from November 2003 to January 2008. Of
them, 3,264 were excluded, and of them, 318 were lost
to follow- up with unknown vital status, 2377 had incom-
plete information on chest radiography, or 2,709 had a
self-reported history of CVD (IHD, stroke, angina, myo-
cardial infarction (MI), peripheral vascular disease,
heart failure and congenital heart disease), giving
27,166 participants in the present analyses. During an
average follow-up of 14-3 (standard deviation (SD)=3-1)
years, 5,350 deaths occurred and 4,012 developed CVD.
Table 1 shows that at baseline, compared to partici-
pants without AAC, more those with AAC were men,
older, had lower education and personal annual income,
lower prevalence of other job, ever drinking and active
physical activity, and higher prevalence of ever smoking,
family history of CVD, and chronic diseases (hyperten-
sion, diabetes, LVH) (all P from < o-o01 to ©0-04).

Moreover, those with AAC at baseline also had lower
BMI, higher levels of other vascular risk factors (waist cir-
cumference, systolic and diastolic blood pressure, LDL-
cholesterol, fasting glucose and white blood cell count
(WBC)), lower eGFR and higher UA (all P from < o-o01
to 0-02).

Table 2 shows that after adjusting for sex, age, educa-
tion, occupation, personal annual income, physical
activity, alcohol use, smoking status, diabetes, family
history of CVD, BMI, hypertension, LDL-cholesterol
and WBC, the presence of AAC was associated with
higher risks of all-cause mortality (HR 1-24, 95% CI
1-17-1-31), CVD (1-22, 1:14-1-30), IHD (131, 1-17-1-46), MI
(1-40, 1:19-1-65), IHD and ischemic stroke (1-20, 1-11-
1-29), stroke (1-14, 1-04-1-24) and hemorrhagic stroke
(135, 1:09-1-69). Using AAC grade as an indicator for
AAC severity, participants with severe AAC (grade 2)
had even higher risks of all-cause mortality, CVD, IHD,
MI, IHD and ischemic stroke, stroke, and hemorrhagic
stroke. Non-significant association of presence AAC
with ischemic stroke was found (1-02, 0-98-1-006,
P=o0-35), although the HR for severe AAC was margin-
ally significant (1-05, 1-00-1-10, P=0-04).

Table 2 also shows that in 9,115 participants, further
adjustment for eGFR and UA did not substantially
change the associations of AAC with all-cause mortality,
CVD, IHD, MI, IHD and ischemic stroke. However, the
associations of AAC with stroke (including hemorrhagic
and ischemic stroke) were attenuated to become non-
significant after adjustment for eGFR and UA. In sensi-
tivity analyses we found similar results, suggesting that
the potential issue of reverse causation (Table 2) and
competing risk between all-cause mortality and CVD
(Supplementary Table 1) were less likely reasons for the
observed associations.

Kaplan-Meier analyses show significant dose-
response associations of AAC severity with higher risks
of all-cause mortality, CVD, IHD and stroke (all
P < o-o01) (Figure 1). We found no evidence that the
associations varied by sex, age (<62/>62 years), smok-
ing status (never/ever) or diabetes (yes/no) (all P values
for interactions > o-10) (Supplementary Table 2). As
significant interactions between AAC and LVH on
IHD and ischemic stroke (P for interaction =0-03),
ischemic stroke (P for interaction =o-o1) were found
(Supplementary Table 2), analyses were further broken
down by AAC and LVH. Table 3 shows that compared
to those without AAC and LVH, participants with only
LVH were not associated with all-cause mortality, CVD
and specific events (all P values > o-05), whereas those
with AAC only had significantly higher risks, and those
with the coexistence of AAC and LVH had the highest
risks. The HR (95% CI) in those with the coexistence of
AAC and LVH was 1-72 (1:37-2-15) for all-cause mortality,
1-80 (1-40-2-32) for CVD, 1-89 (1-27-2-81) for IHD, 1-76
(1-32-2-35) for IHD and ischemic stroke, 1-76 (1-29-2-40)
for stroke, 3-33 (1-82-6-07) for hemorrhagic stroke and
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Variables Presence of AAC P-value
No Yes
Number of participants (%) 18,001 (66-26) 9,165 (33-74) -
Sex, % men 27-24 28-94 0-003
Age,” years 59.93 + 6-46 65-45+ 6-82 < 0-001
Education, % < 0-001
Primary or below 38.87 51-16
Middle school 52.47 40-37
College or above 8:66 846
Occupation, % < 0-001
Manual 61-68 61-82
Non-manual 22.57 24.33
Other 15-75 13-85
Personal annual income, % RMB/year < 0-001
<10,000 32-68 35.64
10,000-14,999 42.75 42.73
>15,000 19-30 16-97
Not reported 5.27 4.67
Smoking, % < 0-001
Never 82-32 77-61
Former 8.01 10-90
Current 9:67 1148
Alcohol use, % 0-04
Never 71-61 73-10
Former 3-49 3.35
Current 24.90 23.55
Physical activity, % < 0-001
Inactive 8-81 7-44
Moderate 39.90 42.66
Active 51.29 49.90
Family history of CVD, % yes 7.97 9:21 < 0-001
Hypertension, % yes 26-93 3821 < 0-001
Diabetes, % yes 10-76 15-10 < 0-001
Left ventricular hypertrophy, % yes 1-58 2-49 < 0-001
Body mass index,” kg/m? 23.76 £3-26 23.63 +3-40 0-001
Waist circumference,” cm 783 £ 9.0 79-2 +9-0 < 0-001
Systolic blood pressure,” mmHg 127.7 £21-4 134.5 +22.7 < 0-001
Diastolic blood pressure,” mmHg 73-3+11.2 73.9+11.3 < 0-001
Fasting glucose,” mmol/I 5-68 + 1-64 584+ 1.71 < 0-001
LDL-cholesterol,” mmol/I 3.26 +£0-70 3.28 £ 0-71 0-02
HDL-cholesterol,” mmol/I 1-66 & 0-41 1-66 & 0-41 0-13
Triglycerides,b mmol/| 1-36 (0-99-1-94) 1-38 (0-99-1-98) 0-14
White blood cell count,” 10%/1 6:10 (5-20-7-20) 6-20 (5-30-7-30) < 0-001
€GFR,” ml/min per 1.73 m? 7488 (64-81-85-97) 71.84 (61-74-83-31) < 0-001
Uric acid,”* umol/I 332.5(282:0-392.0) 340-0 (289-0-402-0) < 0-001
Table 1: Baseline characteristics by the presence of aortic arch calcification (AAC) of 27,166 participants in Guangzhou Biobank Cohort
Study recruited from 2003 to 2008.
AAC: aortic arch calcification; CVD, cardiovascular disease; LDL: low-density lipoprotein; HDL: high-density lipoprotein; eGFR: estimated glomerular filtration rate.
* Data were expressed as mean + standard deviation.
° Data were expressed as median (25th-75th percentile).
¢ Only 9,115 participants with eGFR and uric acid data were included here.

276 (1-86-4-10) for ischemic stroke. Participants with  Discussion
both AAC and LVH had the highest risks of all-cause  This is the first study showing a significant dose-
mortality, CVD, IHD and stroke (Figure 2). response association of AAC measured by chest X-ray
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Number of deaths/events (Rate, per 1,000 person-years) Severity of AAC Presence of AAC
HR (95% CI) HR (95% CI) HR (95% CI)
Grade 0 Grade 1 Grade 2 Grade 1 Grade 2 P for trend Grade 1+2

All participants (N=27,166) *

All-cause mortality 2,674 (10-25) 962 (17-46) 1,714 (23.78) 1-14 (1-06-1-24)** 1-30 (1-22-1-39)*** < 0-001 1-24 (1:17-1-31)***

Cardiovascular disease 2,110 (8-37) 698 (13-29) 1,204 (17-65) 1-16 (1-06-1-26)** 1-26 (1-17-1-36)*** < 0-001 1-22 (1-14-1-30)***
IHD 757 (2:90) 275 (5-08) 507 (7-18) 1-21 (1-05-1-40)** 1-38(1-22-1.55)*** < 0-001 1-31 (1:17-1-46)***
Myocardial infarction 319(1-23) 121 (2:21) 223(3-11) 1.28 (1-03-1-60)* 1-49 (1-24-1-80)*** < 0-001 1-40 (1-19-1-65)***
IHD + ischemic stroke 1,715 (6-77) 548 (10-36) 942 (13-66) 1-14 (1-03-1-25)* 1-24 (1-14-1.35)%** < 0-001 1-20 (1-11-1.29)***
Stroke 1,403 (5-50) 434 (8:13) 747 (10-76) 1-08 (0-96-1-21) 1-18 (1-07-1-30)** 0-001 1-14 (1-04-1-24)**
Hemorrhagic stroke 182 (0-70) 69 (1-26) 125(1.74) 1.25(0-94-1-67) 1-43 (1-12-1-84)** 0-004 1-35(1-09-1-69)**
Ischemic stroke 1,008 (3-87) 288 (5-24) 479 (6:77) 0-98 (0-93-1-03) 1-05 (1-00-1-10)* 0-06 1-02 (0-98-1-06)

Adjusted for eGFR and UA (N=9,115) ®
All-cause mortality 1,303 (15:34) 504 (21-56) 847 (27-86) 1-13 (1-02-1-26)* 1-26 (1-15-1.38)*** < 0-001 1-21 (1:11-1-37)***
Cardiovascular disease 954 (11-74) 364 (16-48) 573 (20-06) 1-18 (1-04-1-33)** 123 (1-10-1-37)*** < 0-001 1-21(1-10-1-33)***
IHD 347 (4-15) 150 (6-54) 257 (8-68) 1-30 (1-07-1-58)** 1-46 (1.23-1.73)*** < 0-001 1-39 (1-20-1-62)***
Myocardial infarction 131(1:55) 63 (2:71) 108 (3:58) 1-46 (1-07-1-98)* 1-68 (1-28-2-20)*** < 0-001 1-59 (1-25-2-02)***
IHD + ischemic stroke 758 (9-26) 275 (12:31) 455 (15-77) 1-13(0-99-1-31) 1-24 (1-10-1-41)** < 0-001 1-20 (1-08-1-33)**
Stroke 630 (7-64) 224 (9-96) 343 (11.73) 1-10 (0-94-1-29) 1-12(0-97-1-29) 0-10 1-11(0-99-1-25)
Hemorrhagic stroke 82(0-97) 40 (1-72) 48 (1-58) 1-47 (1-00-2-17) 1-21 (0-83-1-76) 0-24 1-32(0-96-1-81)
Ischemic stroke 434 (5-12) 134 (5-75) 223 (7-36) 0-92 (0-75-1-12) 1-16 (0-98-1-37) 0-14 1-05 (0-91-1-22)

Excluding deaths within first 3 years (N=26,749) ®
All-cause mortality 2,465 (9-47) 891 (16-21) 1,577 (21.95) 1-13 (1-04-1-22)** 1-27 (1-19-1-36)*** < 0-001 1-21 (1:14-1.29)***
Cardiovascular disease 2,076 (8-24) 681 (13-00) 1,169 (17-2) 1-14 (1-04-1-25)** 1-24 (1-15-1-34)*** < 0-001 1-20 (1-12-1.28)***
IHD 739 (2-87) 265 (4-90) 489 (6-95) 1-19(1-03-1-37)* 136 (1-20-1-54)*** < 0-001 1-29 (1-15-1-44)***
Myocardial infarction 310(1-19) 117 (2-14) 216 (3-02) 1.28 (1-02-1-59)* 1-50 (1-24-1-81)*** < 0-001 1-40 (1-19-1-66)***
IHD + ischemic stroke 1,694 (6-69) 536 (10-15) 920 (13-39) 1-12(1-01-1-24)* 1:22 (1-12-1-34)*** < 0-001 1-18 (1-09-1-27)***
Stroke 1,388 (5-45) 429 (8-06) 730 (10-55) 1-08 (0-96-1-21) 1-17 (1-06-1-29)** 0-002 1-13 (1-04-1-23)**
Hemorrhagic stroke 171 (0-66) 67 (1-22) 116 (1-62) 1-29 (0-96-1-74) 1-42(1-10-1-83)** 0-01 1-36 (1-09-1-71)**
Ischemic stroke 1,005 (3-87) 286 (5-22) 475 (6-63) 0-98 (0-93-1-03) 1-05 (1-00-1-10)* 0-07 1-02 (0-98-1-06)

Table 2: Rates and adjusted HRs (95% Cls) of all-cause mortality, cardiovascular disease and specific events for presence and severity of aortic arch calcification (AAC) in Guangzhou Biobank Cohort

Study from 2003 to 2008 and followed up until April 2021.

# Participants recruited from 2003 to 2008 and followed up until April 2021. HRs were adjusted for sex, age, education, occupation, personal annual income, physical activity, alcohol use, smoking status, diabetes, family history of

cardiovascular disease, body mass index, hypertension, low-density lipoprotein cholesterol and white blood cell count.
® Participants recruited from 2003 to 2004 and followed up until April 2021. HRs were additionally adjusted for eGFR and UA.

Note: Crude HRs (95% ClI) are presented in Supplementary Table 3. Grade o: without AAC; Grade 1: length of AAC < 10-0 mm; Grade 2: length of AAC > 10-0 mm.

HR, hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; UA, uric acid; IHD, ischemic heart disease.

* P < 0-05; ** P< 0-01; *** P < 0-001.
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Figure 1. Kaplan-Meier analyses for associations of AAC grade (0-2) with all-cause mortality, CVD, IHD and stroke.
Note: grade 0: without AAC; grade 1: length of AAC < 10-0 mm; grade 2: length of AAC > 10-0 mm.
AAC, aortic arch calcification; CVD, cardiovascular disease; IHD, ischemic heart disease.
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Number of deaths/events
(Rate, per 1,000 person-years)

HRs (95% CI)

Crude model

Adjusted model

All-cause mortality

Without LVH & AAC

2,532 (10-08)

1-00

1.00

LVH only 61 (16-60) 1.79 (1-39-2.37)*** 1.07 (0-80-1-43)
AAC only 2,497 (20-64) 2:05 (1-94-2-16)*** 1-20 (1-13-1-28)***
Both LVH & AAC 89 (32:97) 3-67 (2:97-4-53)*** 1.72 (1-37-2.15)%**
P for trend < 0-001 < 0-001
Cardiovascular disease
Without LVH & AAC 2,013 (8-29) 1-00 1-00
LVH only 41 (11-55) 1-43 (1-05-1-95)* 1-04 (0-76-1-43)
AAC only 1,792 (15-61) 1.92(1-81-2.05)*** 1-21 (1-13-1-30)%**
Both LVH and AAC 64 (24-13) 327 (2-55-4-19)*** 1-80 (1-40-2.32)***
P for trend < 0-001 < 0-001
IHD
Without LVH & AAC 720 (2-90) 1-00 1-00
LVH only 17 (4-71) 1-68 (1-04-2-71)* 1-19 (0-72-1-96)
AAC only 738 (6-22) 216 (1-95-2-39)*** 1-31 (1-17-1-46)%**
Both LVH and AAC 26 (9-83) 3-58 (2-42-5-30)*** 1-89 (1-27-2-81)**
P for trend < 0-001 < 0-001
Myocardial infarction
Without LVH & AAC 301 (1-20) 1-00 1-00
LVH only 10(2:73) 2-34 (1-24-4-39)** 1-38(0-71-2-69)
AAC only 325 (2-70) 2-28 (1-95-2-67)*** 1-37 (1-15-1-62)***
Both LVH and AAC 10 (3-71) 3-33 (1-77-6-26)*** 1-61 (0-85-3-05)
P for trend < 0-001 < 0-001
IHD + ischemic stroke
Without LVH & AAC 1,646 (6-74) 1-00 1-00
LVH only 28 (7-85) 1-19(0-82-1-73) 0-87 (0-59-1-28)
AAC only 1,405 (12-12) 1-84 (1-71-1.98)*** 1-18 (1-09-1-28)***
Both LVH and AAC 49 (19-12) 3-06 (2-30-4-06)*** 1.76 (1-32-2.35)***
P for trend < 0-001 < 0-001
Stroke
Without LVH & AAC 1,340 (5-46) 1-00 1-00
LVH only 25 (6-92) 1.29 (0-87-1-91) 0-96 (0-64-1-44)
AAC only 1,111 (9-51) 1-79 (1-65-1-94)*** 1-12(1-03-1-23)**
Both LVH and AAC 42 (16-20) 3-19 (2:34-4-33)*** 1.76 (1-29-2.40)***
P for trend < 0-001 0-001
Hemorrhagic stroke
Without LVH & AAC 169 (0-67) 1-00 1-00
LVH only 8(2:18) 3-26 (1-60-6-63)** 2-06 (0-96-4-42)
AAC only 178 (1-48) 2-23 (1-80-2-75)*** 1-33 (1-06-1-67)**
Both LVH and AAC 12 (4-47) 6-93 (3-86-12.45)*** 3.33 (1-82-6-07)***
P for trend < 0-001 0-001
Ischemic stroke
Without LVH & AAC 973 (3-88) 1-00 1-00
LVH only 12(3-27) 1-38 (0-78-2-45) 1-01 (0-56-1-83)
AAC only 723 (5-99) 1-41 (1-28-1-56)*** 1-07 (0-96-1-18)
Both LVH and AAC 26 (9-70) 4.12 (2-79-6-08)*** 2-76 (1-86-4-10)***
P for trend < 0-001 0-04

Table 3: Rates and adjusted HRs (95% Cls) of all-cause mortality, cardiovascular disease and specific events for AAC and LVH in
Guangzhou Biobank Cohort Study from 2003 to 2008 and followed up until April 2021.

* HRs were adjusted for sex, age, education, occupation, personal annual income, physical activity, alcohol use, smoking status, diabetes, family history of car-
diovascular disease, body mass index, hypertension, low-density lipoprotein cholesterol and white blood cell count.

HR, hazard ratio; CI, confidence interval; IHD: Ischemic heart disease; AAC: aortic arch calcification; LVH: left ventricular hypertrophy.

* P < 0-05; ** P < 0-01; *** P < 0-001.
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Figure 2. Kaplan-Meier analyses for associations of the presence of AAC with all-cause mortality, CVD, IHD and stroke in participants with and without LVH.
CVD, cardiovascular disease; IHD, ischemic heart disease; AAC, aortic arch calcification; LVH, left ventricular hypertrophy.




Articles

10

with higher risks of all-cause mortality and CVD (nonfa-
tal and fatal), and risk further increased with the coexis-
tence of AAC and LVH than having either factor alone,
after adjustment of multiple risk factors, and further
adjustment of eGFR and UA.

Most previous studies on AAC were based on hemo-
dialysis patients and consistently showed a higher risk
of vascular events and mortality related to the presence
of AAC.'># 10181939 However, extrapolating the
results to the general population may over- or under-
estimate the association. A meta-analysis of 8 studies
showed that dialysis patients with AAC had 44%
higher risk of all-cause mortality and 2-3-fold risk of
cardiovascular mortality than those without AAC and
most of the results in this meta-analysis were adjusted
for diabetes.'® Vascular calcification could occur in the
intima or in the media, secondary to metabolic dis-
eases such as chronic kidney disease and diabetes,*®
and these metabolic diseases may also lead to a higher
risk of mortality. Results without adjusting for these
factors may be biased by confounding. Regarding the
association of AAC with CVD in the general popula-
tion, we found only one US prospective paper in 2000
showing that both men and women with AAC in plain
chest X-ray, versus without, had 22%-27% higher risks
of CHD.?® However, the outcomes of this study did
not include all-cause mortality and this study did not
adjust for important confounding factors such as kid-
ney function. In our study, the association of AAC
with stroke attenuated slightly to non-significant after
adjusting for eGFR and UA, suggesting the association
could be partly explained by poor kidney function.*"#*
The significant associations with all-cause mortality,
CVD, IHD, MI, IHD and ischemic stroke remained
after adjustment for multiple confounding factors, pro-
viding evidence that AAC is an independent risk factor
for all-cause mortality and CVD.

In dialysis patients, more severe AAC, assessed by
calcification plaque “** or AAC score,””'? has been
associated with higher risks of all-cause and cardiovas-
cular mortality. The above meta-analysis on dialysis
patients showed that the pooled HR for cardiovascular
and all-cause mortality was 2-31 (95% CI 1-57-3-40) and
1-45 (95% CI 1-08—1-96), respectively, for grade 2/3
AAC."® In our study, although the association of severity
of AAC with all-cause mortality was comparable with
this meta-analysis, our estimated CVD risk was lower.
This discrepancy could be partly due to our enrollment
of relatively healthy people, and/or adjustment of more
factors, as the crude estimates were higher and compa-
rable. It could also be due to under-diagnosis of AAC
using chest X-ray, as some participants with very mild
calcification plaque might not be diagnosed in chest X-
ray and misclassified as normal. The results on severity
showed a dose-response pattern, which suggests the
association between AAC and all-cause mortality or
CVD could be causal. Further investigations on risk or

protective factors of development and progression of
AAC are warranted.

LVH is a significant risk factor for cardiovascular
morbidity and mortality, which is highly prevalent in
hypertensive patients.**°  Some previous studies
showed that AAC and LVH were correlated and signifi-
cantly predicted CVD independently and jointly in
hemodialysis patients.*”"*? We found a significant
interaction between AAC and LVH. In participants
without AAC, no association of LVH with the risks of
all-cause mortality and CVD was found. Participants
with the coexistence of AAC and LVH had up to
2-3 times higher risks of all-cause mortality and CVD
than those without AAC or LVH after adjusting for
hypertension, suggesting AAC might provide additional
predictive value to the existing CVD risk profile.
Patients with LVH are more vulnerable to afterload
increase associated with aortic stiffness secondary to
vascular calcification.’®”" Furthermore, LVH may
increase the risk of ischemic injuries on the heart, brain
and peripheral arteries, and the adverse effect could be
exacerbated when vascular calcification or related vascu-
lar dysfunction involved these organs.*”>* Thus, our
results underline the need for more attention and timely
intervention to patients with coexistence of AAC and
LVH.

Our study had some limitations. First, GBCS partici-
pants were recruited from the GHHARE, which repre-
sented a relatively healthy group of older people in
Guangzhou. Those who had severe AAC could have
developed CVD and could not participate. Survivor bias
could not be completely ruled out. In addition, some
diseases, such as peripheral artery disease, do not merit
admission on diagnosis. The non-admitted events
might not be captured and the CVD incidence could be
an underestimation. Therefore, the HRs could be con-
servative. Second, our participants may not accurately
represent the general population because of an overrep-
resentation of women.”” However, within sex and age-
group, the participants had fairly similar levels of
chronic diseases to nationally representative samples of
urban Chinese.”” In addition, we found no interaction
between AAC and sex (Supplementary Table 2, P values
from o-11 to 0-85), and the results were also adjusted for
sex to minimize its potential confounding effect. Thus,
the unbalanced sex ratio might not be a major concern
in this study. Third, the diagnosis of AAC was based on
chest X-ray and LVH based on 12-lead ECG, which is
less accurate than CT and echocardiography, respec-
tively, and could lead to underestimation of the preva-
lence (i.e., the prevalence of LVH was relatively low
(1.9%) in the current study). However, chest X-ray and
12-lead ECG are cheap and routinely used in health
examinations in China and many other LMICs. The
detection is convenient and non-invasive, and can be
easily used in large epidemiological studies. Fourth, our
sample size may be insufficient for examining some
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specific outcomes such as hemorrhagic or ischemic
stroke, or for subgroup analyses in those with LVH.
Fifth, in our study, participants had lower BMI than
those without AAC, which was consistent with the US
study.”® A possible explanation is that the chest wall
thickness increases with higher BMI, affecting the
detection rate of the AAC assessed by chest X-ray.”
Finally, while we could not exclude residual confound-
ing, we adjusted for most of the confounders (n =14),
including many confounders that were not adjusted in
previous studies.

In conclusion, we have first shown that AAC mea-
sured by chest X-ray was an independent risk factor for
all-cause mortality and CVD in the general population
with dose-response relationship, and the risk further
increased with coexistence of LVH. As chest X-ray radi-
ography has been performed commonly for health
screening and in hospital patients when first admitted
in China and elsewhere, and using chest radiographs
for AAC has no additional imaging and minimal addi-
tional reading overhead and is convenient, our findings
suggest the further utility of the chest radiograph, when
it is already done, to assist cardiovascular risk stratifica-
tion in the community and clinical settings.
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