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SYSTEMATIC REVIEW AND META-ANALYSIS

Prognostic Value of Abdominal Aortic
Calcification: A Systematic Review and
Meta-Analysis of Observational Studies

Kevin Leow &, MBBS*; Pawel Szulc, MD, PhD*; John T. Schousboe, MD, PhD; Douglas P. Kiel “=/, MD, MPH;
Armando Teixeira-Pinto, PhD; Hassan Shaikh; Michael Sawang; Marc Sim “=", PhD; Nicola Bondonno “*, PhD;
Jonathan M. Hodgson, PhD; Ankit Sharma, MD; Peter L. Thompson, MD; Richard L. Prince, MD;

Jonathan C. Craig, MD, PhD; Wai H. Lim, MD, PhD; Germaine Wong, MD, PhD; Joshua R. Lewis “*/, PhD

BACKGROUND: The prognostic importance of abdominal aortic calcification (AAC) viewed on noninvasive imaging modalities
remains uncertain.

METHODS AND RESULTS: We searched electronic databases (MEDLINE and Embase) until March 2018. Multiple reviewers iden-
tified prospective studies reporting AAC and incident cardiovascular events or all-cause mortality. Two independent reviewers
assessed eligibility and risk of bias and extracted data. Summary risk ratios (RRs) were estimated using random-effects mod-
els comparing the higher AAC groups combined (any or more advanced AAC) to the lowest reported AAC group. We identi-
fied 52 studies (46 cohorts, 36 092 participants); only studies of patients with chronic kidney disease (57%) and the general
older-elderly (median, 68 years; range, 60-80 years) populations (26%) had sufficient data to meta-analyze. People with any or
more advanced AAC had higher risk of cardiovascular events (RR, 1.83; 95% Cl, 1.40-2.39), fatal cardiovascular events (RR,
1.85; 95% Cl, 1.44-2.39), and all-cause mortality (RR, 1.98; 95% ClI, 1.55-2.53). Patients with chronic kidney disease with any
or more advanced AAC had a higher risk of cardiovascular events (RR, 3.47; 95% ClI, 2.21-5.45), fatal cardiovascular events
(RR, 3.68; 95% Cl, 2.32-5.84), and all-cause mortality (RR, 2.40; 95% CI, 1.95-2.97).

CONCLUSIONS: Higher-risk populations, such as the elderly and those with chronic kidney disease with AAC have substantially
greater risk of future cardiovascular events and poorer prognosis. Providing information on AAC may help clinicians under-
stand and manage patients’ cardiovascular risk better.

Key Words: abdominal aortic calcification ® all-cause mortality m cardiovascular events and deaths ®m chronic kidney disease
| general population

tablished marker of subclinical atherosclerosis, has

been shown to predict future risk of cardiovascular
events and mortality." Calcifications in other extracoro-
nary vascular beds such as the carotid, iliac, and ab-
dominal aorta are also common, but fewer studies have
investigated the prognostic importance of these calci-
fied vascular lesions. Vascular calcification at these sites

The presence of coronary artery calcification, an es-

is often observed in high-risk patients such as those
with advanced age, diabetes mellitus, advanced athero-
sclerosis, or chronic kidney disease (CKD). A number of
noninvasive, safe, and widely available modalities can
be used to assess vascular calcification at these sites,
particularly of the abdominal aorta.?

The abdominal aorta is one of the first vascular
beds where atherosclerotic calcification is observed,
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CLINICAL PERSPECTIVE

What Is New?

¢ We demonstrate that the presence and severity of
abdominal aortic calcification detected using any
imaging modality is an underappreciated measure
of structural vascular disease that identifies people
with substantially higher risk of clinical cardiovas-
cular events and poorer long-term prognosis.

What Are the Clinical Implications?

e Fortuitous findings of abdominal aortic calcifi-
cation in patients with no known disease or in-
formation on cardiovascular risk factors, should
be considered to be an indication for diagnostic
testing such as lipid assays, ECG, or further di-
agnostic imaging (ie, coronary artery calcifica-
tion scores).

Nonstandard Abbreviations and Acronyms

AAC abdominal aortic calcification
ARD absolute risk difference
sROC summary receiver operator characteristic

often preceding the development of coronary ar-
tery calcification.®* Population-based studies have
found abdominal aortic calcification (AAC) occurs
in =1 in 3 people aged 45 to 54 years and up to 9
in 10 people aged over 75 years.® For older patients
with type 2 diabetes mellitus or CKD requiring dialy-
sis, the prevalence ranges between 84% and 97%.5-8
AAC can be assessed by computed tomography (CT)
or lateral spine images from standard radiographs or
dual-energy x-ray absorptiometry (DXA) machines.
Associations between AAC and cardiovascular events
were reported in a wide range of clinical settings such
as middle-aged to older men and women from the
general population,® " individuals with type 2 diabetes
mellitus,’® and patients with CKD.® Some, but not all,
reports have suggested that the magnitude of risk for
cardiovascular events, fatal cardiovascular events, and
all-cause mortality depends on the amount of AAC vis-
ible on imaging tests, with the greatest risk found in
patients with the most advanced calcification.%'31
However, these studies are relatively small and
report on a limited number of clinically meaningful
outcomes. To date, most systematic reviews and
meta-analyses have focused on a single clinical
population,’®'® and few attempts have been made
to summarize and integrate data from all published
studies to identify clinically important differences
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among studies, identify subsets of patients where
AAC is more or less clinically important, and identify
areas where more research is needed. As such, we
undertook this systematic review and meta-analysis.

We hypothesized that people with AAC would have a
greater risk of cardiovascular events, fatal cardiovascular
events, and poorer prognosis. Additionally, we sought to
determine the strength of this association and whether
this varied across different clinical settings using differ-
ent imaging modalities and in populations with varying
comorbid factors such as older age, sex, diabetes melli-
tus, smoking, hypertension, and dyslipidemia.

METHODS

This systematic review and meta-analysis was writ-
ten and reported in adherence to the Meta-analysis of
Observational Studies in Epidemiology'” reporting crite-
ria. All data relevant to this study are available from the
corresponding author upon reasonable request.

Inclusion and Exclusion Criteria

We included any cohort or case-control study that re-
ported the association between AAC and any cardio-
vascular outcomes such as coronary heart disease,
cerebrovascular disease, heart failure, peripheral
arterial disease and the like, or all-cause mortality.
We excluded cross-sectional studies and reviews of
existing literature.

Search Strategy and Process for
Selecting Studies

A comprehensive literature search within MEDLINE and
Embase databases was conducted to source all possibly
relevant studies for review, without language restriction,
until March 2018. Conference proceedings and abstracts
were evaluated, and a hand search of reference lists was
undertaken. The search terms were combined with
the Boolean “AND” to find all potentially relevant stud-
ies. When >1 publication for a study was retrieved, arti-
cles with the most up-to-date and complete information
were included, although additional unique data from all
sources were considered and included when relevant.
Examples of the search strategy are shown in Table S1.
At least 2 investigators independently retrieved and as-
sessed citations for eligibility, assessed the risk of bias,
and extracted the data (K.L,, P.S., H.S., or M.S)), and an-
other investigator was sought when agreement could not
be reached (J.R.L.).

Risk of Bias and Level of Evidence
Assessment

The risk of bias was assessed using the Newcastle-
Ottawa Scale for case-control and cohort studies



120z ‘€T Afenuer uo Aq Bio'sfeuinofeye//:dny wouy pspeojumoq

Leow et al

and included the following domains: representative-
ness of the exposed population, appropriate selec-
tion and comparison of the study groups, adequate
ascertainment of exposure, and whether the com-
parability of the cohorts was evaluated appropriately
with detailed assessment of all outcomes within an
appropriate follow-up time. At least 2 investigators
independently assessed risk of bias (K.L., M.S,,
H.S., or J.R.L.). Summary estimates of the confi-
dence placed on the evidence were evaluated using
the Grading of Recommendations Assessment
Development and Evaluation of evidence about
prognosis. Unlike Grading of Recommendations
Assessment Development and Evaluation for clinical
practice guidelines where observational evidence
starts at low-quality evidence and can then be rated
up or down, the Grading of Recommendations
Assessment Development and Evaluation for evi-
dence about prognosis for observational studies
starts with high-quality evidence. These criteria are
based on (1) 5 domains diminishing confidence (-1
for risk of bias, inconsistency, imprecision, indirect-
ness, and publication bias) and (2) 2 situations in-
creasing confidence (+1 or +2 for large—very large
effect size and a +1 for a dose-response gradient
[increasing pooled relative risks for cardiovascu-
lar events and all-cause mortality with increasing
severity of AAC])."® Details of how the Grading of
Recommendations Assessment Development and
Evaluation assessments were performed are pro-
vided in Tables S2 and S3.

AAC Reporting

AAC was reported either quantitatively (computed
tomography) or semiquantitatively (x-ray and DXA).
We used the group with the lowest reported AAC as
the referent and combined all other reported groups
(any or more advanced AAC) to calculate the ab-
solute risk difference (ARD) and relative risk for any
cardiovascular outcomes or all-cause mortality. This
approach was required because of different severity
or distribution thresholds used to define categories of
AAC (Tables S4 and S5). In secondary analyses, we
analyzed studies that reported AAC by either (1) the
absence versus the presence of AAC to determine
the association between any AAC and outcomes or
(2) studies that reported >3 categories of AAC for
assessing whether a “dose-response” gradient was
evident. Where data for >3 categories of AAC were
available, we collapsed the middle groups and as-
signed them as “moderate AAC.” To further address
thresholds of AAC we used the R package for the
meta-analysis of diagnostic accuracy (“mada”) to cal-
culate the bivariate summary receiver operator char-
acteristic (SROC) curves with default parameters.'9-2°
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sROC converts paired sensitivity and specificity into a
single measure of accuracy (diagnostic odds ratio).?°

Data Synthesis and Statistical Analysis
Where cardiovascular event data were reported in
individual studies, pooled risk differences and risk
ratios (RRs) with 95% Cls were calculated, from
which a summary estimate was determined using
DerSimonian-Laird random-effects models using
Comprehensive Meta-Analysis, Version 3.2 We
chose the random-effects model over the fixed-ef-
fects as a more conservative approach in the pres-
ence of heterogeneity. However, we also performed
the main analyses using fixed effects. Heterogeneity
was investigated using the I? statistic.??23 We consid-
ered the I? thresholds of <25%, 25% to 49%, 50% to
75%, and >75% to represent low, moderate, high, and
very high heterogeneity, respectively. The likelihood
of publication bias was evaluated by visual inspec-
tion of funnel plots and using the Egger regression
test.?* To understand how adjusting for traditional
cardiovascular risk factors may affect the pooled re-
sults, we extracted adjusted estimates of risk from
individual studies (hazard ratio or odds ratio) of the
general population, see Table S6 for adjustments
used in each study.

Subgroup Analysis and Meta-Regression
We used subgroup analysis to investigate clinical het-
erogeneity (general population, CKD, or other and age
of cohort <60, 60-69, and >70 years) and methodo-
logical heterogeneity (risk of bias of studies, imaging
modality [radiograph, DXA, or CT] and duration of
follow-up <5, 5-9, >10 years). Meta-regression was
also conducted using a random effects model in the
subgroup categories above and with the variables pre-
sented in Table 1 such as mean cohort systolic blood
pressure, total cholesterol, and high-density lipopro-
tein cholesterol.

RESULTS

Literature Search

Of the 458 potentially eligible publications, 52 stud-
ies (50 cohort studies and 2 case-control studies;
total number of individuals, 36 092) met the eligibil-
ity criteria.®8-1425-68 Details of the individual studies
are provided in Table 2. The interreviewer level of
agreement regarding eligibility of included studies
was very good (k=0.97). Four cohorts had multiple
eligible publications (Framingham Heart Study [n=4],
Rotterdam Study [n=2], MINOS study [n=2] and
PERF (Prospective Epidemiological Risk Factors)
study [n=2]) for a total of 46 unique cohorts (Table 1
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Table 1. Characteristics of Included Studies (n=46) Table 1. Continued
Characteristic n (%) Characteristic n (%)
Year of publication Not specified 17 (37)
Pre-2011 15 (33) Prevalence of hypertension
2011-2012 6 (13) <50% 16 (35)
2013-current 25 (54) >50% 17 (37)
Setting Not specified 13 (28)
Chronic kidney disease 26 (57)
General population 12 (26)
Other 8 (17) and Figure 1). A total of 32 publications (29 cohorts)
Region provided extractable data for quantitative synthesis.
United States 8 (17)
Europe 19 (41) Newcastle-Ottawa Scale Risk of Bias
Asia 15(33) For the 52 cohort and case-control studies, the overall
Oceania 3() risk of bias was considered low to moderate for com-
Middle East 1(2) parability. For the selection and outcomes domains,
Number of subjects the risk of bias was considered moderate to high.
<100 7 (15) Detailed risk of bias assessment and results are pre-
100-500 24 (52) sented in Data S1 and Figure S1.
=500 15 (33)
Years of follow-up Characteristics of Included Studies
1-3 19 (41) Most studies were published in 2011 or later and repre-
>3-5 13 (28) sented cohorts of <500 people. Over half (57%) of the
>5-10 10 (22) studies were in patients with CKD (estimated glomer-
-10 3(7) ular filtration rate <60 mL/min per 1.73 m? to dialysis)
Not specified 10 and kidney transplant recipients, 26% were from the
Test characteristics general population, 4% patients with diabetes mellitus,
Modality of assessing abdominal aortic calcification and 13% from other C”ni(?al settings (Ta,ble 1)' AAC was
Yeray 22 8) evaluated by radiograph in 46% of studies, 37% by CT,
— 11% DXA, and 6% by ultrasound or 2 separate imaging
Quantitative computed tomography 17 67) modalities. Follow-up time in the cohorts ranged from 1
Dual energy X-ray absorptiometry 5 to 22 years, with a median follow-up time of 6.5 years.
Ultrasound 24
Deh;n::nrz:cy Reporting of AAC
0 18 39) AAC was reported in a number of different ways for x-
5070 20 43) rays and DXA (presence versus absence, AAC 8 scores,
AAC 24 scores, or measured length of calcification). For
>70 813 CT, AAC was reported as presence versus absence,
Not specified 24 percentiles of the cohort, calcium scores, or AAC index,
S as outlined in Table 2. Cut points for individual studies
All male 1@ that contributed data for incident events—cardiovascu-
All female 4(9) lar events (n=16), fatal cardiovascular events (n=11), all-
Mixed 39 (85) cause mortality (n=17), cerebrovascular events (n=5), and
Not specified 2(4) coronary heart disease (n=6)—are shown in Table S4 (x-
Prevalence of diabetes mellitus ray and DXA) and Table S5 (CT). There were insufficient
<10% 13 (28) studies reporting AAC for all other cardiovascular out-
S10% 30 65) comes. Absolute risk differences and relative risk differ-
Not specified 50) ences for each individual study are presented in Table 3.
Proportion of current smokers CIinicaI Heterogeneity
<15% 13 (28) o
A priori subgroup analyses (CKD versus general popu-
=15% 1689 lation) identified clinical heterogeneity attributable to
(Continued)

J Am Heart Assoc. 2021;10:e017205. DOI
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the participants recruited (data not shown). This was



Aortic Calcification and Cardiovascular Risk

Leow et al

(penunuo)

ubIy/MoI-ZOVY -1 Rel-x Sl 161 ow g< sisAjeipoweH El\e) [euipnifuo ¢e/+0C OUD
(771-177) uonedInyiq
OBl|l 8} 9AOCE Red-x NOV
Juesqe/uasald JuswBas wo-Qf pue punoses}|n 'y oLl ouwl gz sisAjeipowaH ‘Uleap Je|NOSEAOIPIED [euipnyBuo] 26+002 Joyoelg
SeasIp Aeupiy d21uoIyD
|0JU0D-8SBD
Juesqe/uasald su Rel-x 06 Sy A Gz ojdoad yyeep Jejnosenoipen paiseN 16986} UBWBLIM
ano aHO ‘Yiesp
$9|IL8} 7OV 71-F1 Re-x 0¢ce jejierd 4o @31} Apnig pesH weyBulweld Je|NOSeAOIpIed ‘IAD [euipnufbuo’ ¢ F00C UOS|IM
$9|ILBI—1Y2OVY
juesqe/jueseld =K1 Rel-x (o] 182 A g8-1G pebe us iy NOV [euipnfuo’ 0¢800¢ 2INZg
sJeysibas oo10e.d [eloush |0J1U0D-8SED 18002
S9|ILBl—YZOVY -1 vXa oy [4574 wiol) paynIoas A G/ usWom aHuA 3INO paiseN 80gsnoyos
WOV
JuesqoE/IUSSaId su Rel-x 0elL 9502 A G9Z pabe uswom ayym Ausp|3 ‘Y1eap JBINOSEAOIPIED [eupnyBbuo] 62,002 1puopoy
9IoNS/)EISPOW
/MO| ‘Juasqe VAD ‘QHO ‘NOV ‘Uiesp
/esald -ygovY -1 vXa Sk r4°{0]" 0/< pabe uswom AyyesH Je|NOSeAOIpIed ‘JAD [euipnyfuo’ 01810C SImeT
S8|IH8}—(Wo)
uoneoNIoed
Jo ubue -1 Rel-x k9 €169 A GGz pabe uswom pue usiy VAO [euipnifuo’ 52£00¢ Jepue|oH
(771-17) wbeaydelp
snonuiuod Byl MOJeq pue
pue sajijenb— uoneounyiq Aovz
8100s uo}sjely 8y} enoqy 10dN 08 lce pebe uswom pue A Gez pabe usiy INOV ‘aHO ‘IND [euipnyBbuo ,29+0¢ UBWHOH
£00¢
ybiu/moj pue G0z usamiaq bBunsel giNg VAD ‘IIN ‘3N |0u00-888D
/I0UOO—8OVY -1 vXa 9¢ 6817 1o} paliejel sjusiied 8AlINOBSUOD ‘Uresp JejnoseAoipie paiseN 0¢0}+0¢ lUE}IS8|0D
SNOUNUOD-7ZOVY A0s-S¥ OV
Jussqe/1uasald rasl Rel-x 06 808 pabe uswom [esnedousw}sod ‘syieep Jejnosenolp.ie) feuipnyBuo] 522 0g Zuen)
YI00H-92/WG. (r1-21)
—kS/W05-0 uolreoaunjiq oloe
-s9|usoJad- oy} 01 jewxoud NDV ‘IAD
91090S U0]S}eRY JuewBes wo-g 10an 4o 1093 folle] /61 A 8—G{ pabe uswom pue us|y ‘Uleap Je|NOSEAOIPIED [euipnyBuo] w7710z INbLD
uaw Jap|o=N
SNONUNUOD-8DVY e'e-IN £28-N pue pabe-a|ppiw pue UsUOM 9seas|p |90 sa|pns [eulpnybuol
juesqe/juasaid 7= vxa v'y-M WA lesnedouswisod AyyeaH=m 8aIS ‘'WYAD ‘IN ‘IND juspuadapul om| 110102 pueljog
uolreindod [eJsusn)
Se PaJopoN VYV awbas yy Kyepoy Buibew| (K) ysiy uonendod sjulod pug ubisag oouaiajey Apnis
dn mojjo4 1e 'ON

SaW0921NO YHM DYV 40 uone1oossy ayy Buipioday saipnis Jo MaIAIBAQ 'Z d|qel

Downloaded from http://ahajournals.org by on January 13, 2021

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205



Aortic Calcification and Cardiovascular Risk

Leow et al

(penunuo)

xepul
OV 18MO] ‘xepul

OvY Jeddn ‘t2ovy (hes-x) y71-11 10 feax 0'G €6 sisAlelpowiey uo sjuslied NOV ‘3AD leupnyBuo #9102 YelvISEN
€102 Jequsides o} 110z AIne INOV
woJ) Qcm_awcmb 8J0Jeq Ummwmwwmv ‘yyesp Jejnosenolpied
sdnoib g—govY iy Reu-x 8¢ 6kt sjuaidioal juejdsuel) [euey 10 30VIN ‘3OVIN feupnyBbuo 9,SH0g BINBUNy
600g Arenuepr- 800g 4890300 WOl INO WOV
SIS} —HZOVY -1 ARel-x Sc v sisAjelp [eauoyiad uo syusied |y ‘Ureap Je|nosenolpied [eupnyBuOT /€102 OulB
NOV
juesqe/iussald Y- >®L.X gy oL ow g< m_w>_m_UoE®r_ uo sjusited _r_«mmU JejnoseAnoipied _MC_UE_chI_ w910 I
004
uo paseq sdnoib g
‘selenb—zovy 7= Res-x oy 41! SisAje|poway djuoIyo UO sjusied INOV ‘IAD anoedsosey ev710Z UOMY|
Xapul OvY INOV
UBIpaW —X8pul QY'Y €121 10 0§ 612 sisAjeipowsy uo syuened s|qels ‘Uresp Je|noseoIpIe) [euipnufuo’ 2+£002 O¥ey|
(771-171) uoneounyiq (yueidsuesn
Xopul DVY oel|l 8y} 8A0QE 9J0Jo OW Z| UIYIM PasSasse)
uelpsw—xspul Dy uswWbas Wo-Q| 10 0'G 19 sjuaidioal Jue|dsuel] [eusy EVYe) [feuipnyBbuo] w7102 Iysiuew|
ubiy/mol OOY uonreoInyq
uo paseq sdnoib OBl|| 8Y} 9AOCE A0gz
S80||S SANOBSUOD f 100N oe €8l pabe pue ow g< sisAeIp [esuoied INOV ‘IAD [euipnyBbuo ov710Z Bueny
OW £< Jo} M/sawl} €2 sishlelp INOV
Jussqe/1ussald €1-21 Rel-x 22 /12 UM sisAfelpoway uo siusiied ‘yreap Jenoseno|pie) anoadsoliay 6c£10Z BuoH
(771-171) uoneounyiq
Xapul oY OBl|l 8U} 9AOQE G-¢ obeis aMo
UBIpaW —Xapul DY swibes wo-Qf 10 oy €8 ynm syusiped sisAfeip-uou A g1 ano [euipnyBbuo 5e010Z BpeuEH
G-¢ sebeis NOV FAD
ybiy/mo|—2ovvY =17 Rel-x 0e 895 M0 yum sjusijed sishjeipuou A g1 | ‘yiesp Jejnosenolpsed [eupnybuo 165102 21105
8S(E/1UsdId Ay Rel-x 12 /8¢ oW Z|< SIsA[elpowoH INOY [euipnybuo] 962 10T OJesN4
00Y uo peseq
pa1os|es sdnoib
Z—o100s Uojsieby su 10 0¢ L ow 9< sisAjelpowsH INOV [euipnifuo’ §910z ounlg
sjualdioal Jue|dsuel) Asupiy wJel
-Buo| pue is|| Buniem jueidsuely
AKaupiy uo sjusied sisAfeipowsay
9oUBUBIUIBW ‘G—g 8be1s MO yim e8+0C
ubiu/mol FZOvY =11 Re-x ] 6l sjuaired sisAjeipuou eANOBSUOD INOV [euipnfuo’ Buoyouegeyssig
SNONUUOO (luejdsuesy
‘9JoN8s-81elopow JOJ UOISSIWPE JO Wi} JE POSSOSSE)
/PIIW/UOU-FZ0VY =11 Rer-x 0e €52 seldios) juedsues} Asuppi-e|buig Ele} [eupnyBbuo 4eE10C SO0

Downloaded from http://ahajournals.org by on January 13, 2021

panunuoy ‘g 9jqel

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205



Aortic Calcification and Cardiovascular Risk

Leow et al

(penunuo)
REINRE
-SUOI}eolIo[ed 1=
pajesuliop uoleoIN)iq OllIoe KiaBuns uoleiue|dul oAeA ooe WOV
SWN|OA [B10] 8y} 0} snjely ooy 10 gL fele]l Jeyeyyeosuel; BuloBispun syusied ‘4HD ‘yieep oelpie) [eupnybuo] 269102 InoeaqIBH
(Caliasiy)
uolreaunyiq oelll syl
WIG/>/WNG > MOJ8Q WO | O} sixe
so|liuaosad— oel|90 8y} Jo uIbLIo suoljeulwexs olydessouojod 19
9100S uo)sieby 8y} ©A00E WO | 10 1'e /9% BuioBiepun syusiyed aAiNoasu0) and feuipnybuo] 169002 elineq
G-
uol}eoInyiq OllIoe
BUl MOjeq Wo-G'g
-KieyIe oLejuesaw
SNONUIUOD- Jouadns ay} Jo snyjlow WOV
9100s uo}syeby [ewixold wo-g'g 10 '8 669 sejeqelp g adA} yum sjusiied ‘Uyeap Jejnoseno|plen [euipnybuo] 217102 X00
SNONUIIU0D-8100S 1=
uo)sieby uoneoInyiq oe S9O|AJBS BUIDIPAW dAljUaASId WOV
Jussqe/1uasaid ay} 0} wbeaydelg 10 8/ 44512 104 Bunnuesaid sfenpiaipu| ‘yyeap Jenoseno|pre) [feuipnybuo] +goC 0T UOSI|IY
suonendod Jayi0
Xopul OVY sisAelp
ue|paw—Xapul DY Su 10 6¢ 6 [esuoiied Bulobiepun sjueled NOV/3ND [eupnyBuOT 10E1+0C UOOA
Xapul VY sisAjeipoway
$9|I8}—X8pul VYV su 10 s 8¢k aoueusjUlRW BuloBIspuN sjusied NOV/aA0 [euipnyBuo 90C 0T UOOA
jussqe/jusseld =11 ARel-x el 191 G—¢ sebels 18 MO Yim siusied Ele) [euipnyBbuo 0/ 10T Buem
uasoyo
SEM JJOIN0 Aym sisAjelp Buipnjoul sebels
su sdnoib g-aAD V1= vXxd 0¢ 6 JUSIBHIP Y& MO Yim sjuslied Ele} [eupnyBuOT yat7 0T 110228\
sisAjelp [eauoyiad
JO sisAelpowiay soueULURW
-¥cOvY 7= ARel-x 0¢ 9.0}k Butobiepun A g|= pabe sjusied NOV/aNOD [euipnfuo’ g9l LOC OIS
INQV ‘uolrezienosens.
Xepul VvV (¥1-27) uoneainjiq ‘WVAD ‘IN '4H ‘yresp
$9|IB}—X8pul VYV oel|l 0} Aiapie [eusy 10 g'e v a0 yum sjusiyed sisAjeipuon Je|NOseAOIpIBd ‘JAD [eupnyBbuo 9G+0g Iwelel
ue|pawl -7govv
juesqe/jueseid 7= ARel-x v'e 08¢ aMo yum suened sisAfelpuoN Elte} [eupnyBuoT 05/ 0C Si8188d
ow g< sisAfeipoulay WOV
Juasqe/uasald PI-11 Rel-x [587% SIS 9oUBUSIUIRW UO Sjused ‘YIESP JEINOSEAOIPIED [euipnyBuo] 6,002 OUNYO
(¥1-17) uoneainjiq
Xapul OV Ol 84} 8noge sisAjelpowsy WOV
uelpaW—Xapul DVY Juawbaes wo-Qf 10 6/ JeL 9oUBUSIUIRW UO Sjused ‘syjeap Je|nosenolp.Ie) [euipnyBuo] o+ 102 BAUO

Downloaded from http://ahajournals.org by on January 13, 2021

panunuoy ‘gz 9jqel

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205



Aortic Calcification and Cardiovascular Risk

Leow et al

's10308} Msl weybulwel4 0} Oy Bulppe usym Jebie| Apueoyiubls eAINd 8y} Jepun ealy,
‘olsie10eIBYD Bultesado JeAIgdal ‘DOY PUE (palioads Jou ‘su ‘uofotelul [eiptesoAw ‘||A ‘AydesBowoy paindwod [elids mod Jojosiepinu DA JUSAS AJBUOIOD 8SIaAPR Jofew ‘JOVIA ‘v—| Selgepen

Jyequin| ‘p—|7 ‘AydesBowo} paindwod weaq uososle 10g3 eulyoew Answondiosge Ael-X [enp e Buisn painided sebewl ‘X ‘JUaAs JejndseAolped ‘JAD JUSPIOO. JBNOSBACIGaIa0 ‘YAD ‘AydesBoulo} peindwod
‘1D ‘ednjiey Leay aAsabuod ‘4HD ‘esessip 1eay A/Buoiod ‘qHD ‘ANEHOW 8sSned-|le ‘INOY ‘S8400S 9[BOS 8 UOIEDIIOED Ol1OR [eUIWOPJdE ‘8OVY ‘S8400S 8[e0S g UONEBINIO[eD OIJOE [BUILLOPOE S81edIpul 12OV

'SONSII10BIBYD IO} ZUBK) 89S 200102 UsS|aIN
10700¢
'SOlSIIe}0BIBYD U0} JOPUE(|OH 88S ‘1I0Y0D WepIa}ioy J98|N Jop UBA
'SOlIsHslOBIBYD JOJ O|NZS 885 LOY0O SONIN 00G+0C J0lIqNIs3
'sofsie10BIBYD JO) UOS|IAM 98S 1oyoo weyBujwel 662002 US[eM
'SONsIIe}OBIBYD U0} UOS|IN ©9S ‘LoYoo weybulwe. 55,002 Uos|swes
'SONsIIe}OBIBYD U0} UOS|IN ©9S L0Y0o weybulwe. 168002 AzneT
(71-17) uonedInq
28|l 841 8A0e sjuswedep opelsb ul WOV
JuesqE/IUSsald Juswbas wo-Qf punosesin ol [44 paz|eydsoy sjusiyed aAN08su0) ‘YIESP JEINOSEAOIPIED [euipnyBuo] 950102 Bueyz
Jones
pUE 8jeIpawIaiUl (71-27) uoneainjiq
‘plILI—aWN|OA O€||l 84} 0} AJepie olulo
ysodap ooen [eua. urew 1semon 10 82 ele AKiebins JeNosSen e wodj sjusied JND [eupnyBuo] 5s010¢ Jed
S|0JU0D PB}OBI8S AJLOpUe) pue
snyj|lew seledelp g 8dA} pesoubelp oseas|p |0U0D-8SBD
Ju8sSqe/1u8sald su Rel-x [oX¢} 112 Aimau yum susiyed pabe-a|ppin Aiepe jessyduad ‘N payorewun 45066} UsuBSIN
jueoubIs/pliw
/8Uou—Uuofieo|oed 600¢ Pue 900¢ usemieq
Buiureluoo ease A1abins Jejnosen Jo [eleush WOV
|[em [e10} 8} JO % 1= 10 0% 08k BAII08|8 JuBMIBPUN OYM sjuslied ‘iesp Jejnosenoipie) [eupnyBuoT 5102 ubneageH

panunuoy ‘'z alqeL

Downloaded from http://ahajournals.org by on January 13, 2021

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205



120z ‘€T Afenuer uo Aq Bio'sfeuinofeye//:dny wouy pspeojumoq

Leow et al Aortic Calcification and Cardiovascular Risk
)
=
.g Records identified through Additional records identified
{_3 database searches through reference list searches
= (n=) 523 (n=15)
=
(]
=
) v A 4
— Records after duplicates removed (n=84)
(n=454)
o0
£
c
[
o
(®)
L) Records screened N Records excluded
(n=454) " (n=315)
—
)
Full-text articles excluded,
Full-text articles assessed with reasons (n=87)
2 for eligibility > Study design (n=20)
3 (n=139) No mention of AAC or
5o outcomes (n=67)
w
S Studies included in
qualitative synthesis
(n=52)
°
]
3
= Studies included in
£ guantitative synthesis
(n=32)
CV events (n=16)
—
Fatal CV events (n=11)
All-cause mortality (n=17)

Figure 1. Study flow.

AAC indicates abdominal aortic calcification; and CV, cardiovascular.

confirmed in meta-regression analyses where the type
of population recruited potentially explained 32% to
50% of the observed between-study heterogeneity
for cardiovascular events (r*=50%), fatal cardiovascu-
lar events (?=34%), and all-cause mortality (°=32%).
As there is no recommended approach when clinical
heterogeneity is identified,®® we decided post hoc to
undertake all further analyses in studies of patients
with CKD and the general population separately. There
were insufficient numbers of studies (n=2) to meta-an-
alyze in the “other” populations for any outcome.

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205

AAC, Cardiovascular Events, Fatal
Cardiovascular Events, and All-Cause
Mortality in Studies From the General
Population

Extractable data were available for 6 studies (n=8498)
for cardiovascular events, 9181425 5 studies
(n=8004) for fatal cardiovascular events,®101329.31 gngd
6 studies (n=8662) for all-cause mortality.%10:25.29.30,58
Compared with those with no or low AAC, people
with any or more advanced AAC had higher pooled
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AAC indicates abdominal aortic calcification; ARD, absolute risk difference between no-low and any-advanced AAC; CKD, chronic kidney disease; CT, computed tomography; and DXA, dual X-ray absorptiometry.

*For all-cause mortality in the Framingham study, numbers were derived from Samelson et al.®®
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Aortic Calcification and Cardiovascular Risk

absolute risk differences for cardiovascular events
(+9.9%; 95% ClI, +4.1%-15.8%), fatal cardiovascular
events (+8.6%; 95% ClI, +2.3%-14.8%), and all-cause
mortality (+17.4%; 95% ClI, +8.1%—-26.6%). The sum-
mary table of evidence is provided in Table 4. Briefly,
the pooled RRs were 1.83 (95% CI, 1.40-2.39) for
cardiovascular events, 1.85 (95% ClI, 1.44-2.39)
for fatal cardiovascular events, and 1.98 (95% ClI,
1.56-2.53) for all-cause mortality (moderate-quality
evidence, all P<0.001). However, high (fatal cardio-
vascular events, °’=69%; cerebrovascular events,
1°’=60%; and coronary heart disease [CHD] events,
[°=72%) to very high (cardiovascular events, 1°=87%;
and all-cause mortality, 1°’=90%) between-study het-
erogeneity was observed (Figure 2). Evidence of
small-study publication bias was identified for all-
cause mortality (P=0.044). The sROC curves gener-
ated suggest that AAC alone may provide moderate
to good (area under the curve, 0.69-0.75) discrimi-
native ability for cardiovascular events, fatal car-
diovascular events, and deaths in this population
(Figure 3A, 3C and 3E).

Studies Reporting by Presence of AAC
and Increasing AAC Severity From the
General Population

There were 4 studies that reported AAC by the absence
and presence of AAC for cardiovascular events,!0111314
4 studies for fatal cardiovascular events,'%132931 gnd 5
studies for all-cause mortality.'92529.30.58 |ncreased ab-
solute and relative risks were seen in people with any
AAC (Table 5). Studies reporting >3 categories of AAC
severity (cardiovascular events=5 studies,?10:18.14.26
fatal cardiovascular events=3 studies,>'"* and all-
cause mortality=3 studies®'®'%) had increased abso-
lute and relative risks with increasing severity of AAC
(Table 5).

AAC, CHD, and Cerebrovascular Disease
in Studies From the General Population
Extractable data were available for 5 studies (n=7766)
for CHD® 11826 and 4 studies (n=8943) for cerebro-
vascular disease.'®:?6.28 Pgople with any or more
advanced AAC had higher pooled absolute risk dif-
ferences for CHD (+7.4%; 95% CI, +2.0 to +12.8%)
and cerebrovascular disease (+3.4%; 95% ClI, +1.8 to
+5.0%), compared with those with no or low AAC. The
pooled RRs were 2.22 (95% CI, 1.57-3.15) for CHD
events and 2.10 (95% Cl, 1.41-3.12) for cerebrovascu-
lar events, Figure S2 (high-quality evidence [Tables 2
and 5], both P<0.001), with moderate to high between-
study heterogeneity (60%-72%). Increasing absolute
and relative risk with increasing severity of AAC were
seen for CHD events (4 studies) and cerebrovascular
events (3 studies) (Table 5).
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Table 4. Summary of Findings Table

Aortic Calcification and Cardiovascular Risk

lllustrative Comparative Risks
Any or More Relative Risk No. Studies (No. Quality of the Evidence
No or Low AAC Advanced AAC (95% Cl) People) (GRADE)

General population*

Cardiovascular 2/100 4/100 1.83 (1.40-2.39) 6 (8498) Moderate®

events

Fatal cardiovascular 0/100 1/100 1.85 (1.44-2.39) 5 (8004) Moderate®

events

All-cause mortality 3/100 6/100 1.98 (1.55-2.53) 6 (8662) Moderate®
Patients with chronic kidney disease *

Cardiovascular 4/100 14/100 3.47 (2.21-5.45) 8 (1426) Moderate®

events

Fatal cardiovascular 1/100 4/100 3.68 (2.32-5.84) 4 (1163) Hight

events

All-cause mortality 5/100 12/100 2.40 (1.95-2.97) 9 (2050) Hight

*Baseline risk calculated from Criqui et al® (n=1974), for cardiovascular events, fatal cardiovascular events, and all-cause mortality. AAC assessed by CT in

men and women with a mean age of 65 years with a mean follow up of 5.5 years.

TQuality of evidence scoring based on GRADE for prognostic studies' for all outcomes presented in Tables S6 and S7.
+Baseline risk calculated from the Tatami et al® (n=347), for cardiovascular events, fatal cardiovascular deaths, and all-cause mortality. AAC assessed by CT
in men and women with chronic kidney disease, a mean age of 67 years, and duration of follow-up 3.5 years.

Pooled Analysis of Adjusted Estimates of
Risk

To understand how adjusting for traditional cardio-
vascular risk factors may affect the pooled results we
undertook meta-analyses using the reported adjusted
estimates of risk from the individual studies (hazard
ratio or odds ratio) interpreted as RR, using weighted
random effects with similar results to the unadjusted
analyses (Figure 4, Table 6).

Sources of Methodological and Statistical
Heterogeneity

There was not statistically significant between-
study heterogeneity attributable to imaging modal-
ity (x-ray, DXA, CT), threshold AAC (present/absent,
other), mean cohort age (<60, 60-69, >70 years),
and duration of follow-up (<5, 5-9, >10 years; data
not shown) (Figures S3, S4, and S5). Heterogeneity
for cardiovascular and fatal cardiovascular events
was potentially explained by mean cohort systolic
blood pressure (42%-45%) and total cholesterol (4%
and 13%) with greater RR differences seen in co-
horts with lower mean systolic blood pressure and
total cholesterol. For fatal cardiovascular events,
imaging modality potentially explained 60% of the
heterogeneity with no between-group difference
for studies using x-rays (2 studies) or DXA (2 stud-
ies), while 1 study using CT had the greatest RR.
All-cause mortality studies with lower systolic blood
pressure (39%) and shorter follow-up time (11%) had
higher RR, while 1 study in Oceania had a lower RR
than studies in Europe and the United States (36%).
Additionally, studies with a higher prevalence of

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205

participants with diabetes mellitus at baseline had
greater RR differences, potentially explaining 42% of
the between-study heterogeneity.

AAC, Cardiovascular Events, Fatal
Cardiovascular Events, and All-Cause
Mortality in Patients With Chronic Kidney
Disease

Extractable data were available for 8 studies (n=1426)
for cardiovascular events,8:333438.41.465064 4 stydies
(n=1163) for fatal cardiovascular events,6444849 and 9
studies (n=2050) for all-cause mortality.58:36:39.44.46-49
Compared with those with no or low AAC, people with
any or more advanced AAC had higher pooled absolute
risk differences for cardiovascular events (+15.1%; 95%
Cl, +91%-21.1%), fatal cardiovascular events (+13.4%;
95% Cl, +3.8%—-23.0%), and all-cause mortality (+17.1%;
95% Cl, +12.2%—-22.0%). The pooled RRs were 3.47
(95% Cl, 2.21-5.45) for cardiovascular events, 3.69
(95% Cl, 2.32-5.85) for fatal cardiovascular events,
and 2.41 (95% ClI, 1.95-2.97) for all-cause mortality
(moderate [cardiovascular events]-high [fatal cardiovas-
cular events and all-cause mortality] quality evidence
[Table 2], all P<0.001), with no (fatal cardiovascular
events and all-cause mortality) to low (cardiovascular
events, 29%; P=0.196, attributable to a single study*!
between-study heterogeneity (Figure 2). Evidence of
small-study publication bias was identified for cardio-
vascular events (P=0.002). The sROC curves generated
suggest that AAC alone may provide moderate to good
(area under the curve, 0.64-0.83) discriminative ability
for cardiovascular events, fatal cardiovascular events,
and deaths in this population (Figure 3B, 3D, and 3F).
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General population
(a)
Study name for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit  limit weight
26
Golestani 2010° 555 203 15.14 5.44
Criqui 2014 419 244 747 12.08
Bolland 2010'" 219 151 3.18 16.22
Lewis 2018" 127 105 152 L] 2140
Schousboe 2008 121 1.02  1.43 21.74
Wilson 2001 168 153 184 2312
183 140 239
05 1 2 5 10
No/low AAC Any/advanced AAC
(c)
Study name  Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio  limit limit weight
Criqui 2014° , 000 274 2957 4.00
Witteman 1986 1.50  1.02  2.20 19.13
. 10 22.12
Lewis 2018 156 113 214
9
Rodondi 2007 1.67 129 2.15 25.20
Wilson 2001° 214 1.81  2.52 29.55
185 144 239
05 1 2 5 10
No/low AAC Any/advanced AAC
(e)
Study name  Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio  limit limit weight
Ganz201Z° 385 210 7.04 9.29
Criqui 2014° 320 206 4.97 12.76
Szule 200831[; 280 208 3.77 .- 16.54
Lewis2018" 129 1.06 157 L] 19.14
Rodondi 2007° 175 152  2.02 20.46
Samelson 2007 1.42 1.35 1.49 [ | 21.80
198 155 253
05 1 2 5 10
No/low AAC Any/advanced AAC

Chronic kidney disease

(b)
Study name  Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio  limit limit weight
Imanishi 2014 66.00  3.98 1093.78 — 2.45
Claes 2013* 1993 276 143.65 4.69
Munguia 2015°3.80 128  11.23 — 12.50
Cho 20173 o 1.78 0.68 4.61 — 14 .95
Vezzoli 2014 310 122  7.87 — 15.37
Tatami2015° 3.87 157  9.55 — 16.03
Peeters 20170 338 140  8.17 — 16.54
Hanada 2010% 2.44  1.05  5.67 - 17.47
347 221 5.45 <
05 1 2 5 10
No/low AAC Any/advanced AAC
(d)
Study name  Statistics for each study Risk ratio and 95% CI
Risk Lower Upper REIa.ﬁ"':
ratio limit  limit welg
d — 467
Tatami 2015 248 029 20.97 :
. ” 5.44
Li2016" 948 131 68.55
Okuno 2007 374 169 828 T 33.70
48 —
Ohya2011® 345 18 638 i 96.20
368 232 584 <

05 1 2 5 10
Nol/low AAC Any/advanced AAC

()
Study name for each study Risk ratio and 95% ClI
. Relative
Risk Lower Upper 7
ratio  limit limit weight
Djuric 2016’ ,, 383 129 1143 3.75
Munguia 2015 193 065 574 3.78
Hong 2013% 482 177 1310 4.48
Li2016* 316 117 854 4:93
Tatami2015° 322 141 739 6:50
NasrAllah 20167 1.56 0.70 348 6:92
Fusaro2012% 240 115 501 8.29
Okuno 2007*° 283 183 439 i 23.37
Ohya2011*® 195 139 275 ".; 38.37
240 195 297

05 1 2 5 10
No/low AAC Any/advanced AAC

Figure 2. Association between abdominal aortic calcification (AAC) and cardiovascular disease events (CVD, A and B), fatal
cardiovascular events (CV, C and D) and all-cause mortality (E and F) in cohorts from the general population (left panels) or

patients with chronic kidney disease (CKD) (right panels).

Comparison of Fixed Versus Random
Effects
The main analyses were performed using both fixed

and random effects for comparative purposes and are
presented in Table S7.

DISCUSSION

In this systematic review and meta-analysis, we ob-
served moderate- to high-quality evidence that people
with any or more advanced AAC had substantially higher

absolute and relative risk for cardiovascular events, fatal
cardiovascular events, and all-cause mortality than
people with no or less advanced AAC. The strongest
associations were seen in patients with CKD and peo-
ple from the general population with the most advanced
AAC. Importantly, AAC alone had moderate to good
discrimination (SROC, 0.6-0.8) for all outcomes, indicat-
ing that this may be a clinically useful predictor of future
cardiovascular events, fatal cardiovascular events, and
prognosis in patients with CKD and the general popula-
tion. Thus, fortuitous findings of AAC in patients with
no known data on cardiovascular risk factors should

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205 13
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Figure 3. Summary ROC (sROC) showing the point estimate (area under the curve [AUC]) for the diagnostic accuracy of AAC
to identify people at risk of cardiovascular events (A and B), fatal cardiovascular events (C and D) and all-cause mortality (E
and F) in cohorts from the general population (left panels) or patients with chronic kidney disease (CKD) (right panels).
Graphs are based on the paired sensitivity and false-positive rates plotted together with a confidence region (circled area). Each
triangle represents the summary sensitivity and false positive rate from a single cohort.

be considered to be an indication for further diagnostic
testing, such as ECG, lipid assays, and so on.

Both a priori subgroup analysis and meta-regres-
sion identified that the risk in people with AAC differed
substantially between studies recruiting patients with
CKD versus those recruiting from the general popula-
tion. The strongest and most consistent associations
were observed in patients with CKD. These findings

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205

may be attributable to a greater burden and progres-
sion of AAC in this patient group, differences in driv-
ers of calcification, or higher selected thresholds of
AAC, which was particularly evident for cardiovascu-
lar events. Irrespective of the reasons, these findings
add further support to the current Kidney Disease
Improving Global Outcomes clinical practice guide-
lines suggesting that when AAC is seen in patients with
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Table 5. Studies From the General Population With Different Thresholds

Number of Cohorts (No. Events/ Absolute Risk Difference Relative Risk (95%
AAC Group No. Group) (95% CI) Cl) 12
Any detectable AAC

Cardiovascular events

No detectable AAC 4 (485/2538) 1 (referent) 1 (referent)

Any AAC 4 (1361/3262) +11.4 (+1.7 to +21.0) 1.76 (1.32 to 2.34) 81%
Fatal cardiovascular events

No detectable AAC 4 (293/2105) 1 (referent) 1 (referent)

Any AAC 4 (971/3933) +10.4 (+4.4 to +16.3) 1.77 (1.47 t0 2.13) 48%
All-cause mortality

No detectable AAC 5 (899/2225) 1 (referent) 1 (referent)

Any AAC 5 (2606/4471) +18.8 (+12.3 to +25.4) 1.72 (1.40 to 2.11) 84%

Increasing severity of AAC categories

Cardiovascular events

Lowest reported AAC group 5 (638/2952) 1 (referent) 1 (referent)

Middle/combined AAC 5 (735/2029) +6.5 (-0.2 to +13.3) 1.40 (1.06 to 1.84) 84%

group(s)

Highest reported AAC group 5 (814/1773) +15.3 (+4.9 to +25.6) 2.06 (1.48 t0 2.88) 90%
Fatal cardiovascular events

Lowest reported AAC group 3 (219/2400) 1 (referent) 1 (referent)

Middle/combined AAC 3 (314/1661) +6.7 (-1.3 to +14.8) 1.77 (1.24 t0 2.52) 66%

group(s)

Highest reported AAC group 3 (357/1472) +12.0 (0.5 to +24.5) 2.61 (1.567 t0 4.32) 81%
All-cause mortality

Lowest reported AAC group 3 (193/1674) 1 (referent) 1 (referent)

Middle/combined AAC 3 (244/1247) +5.5 (+0.5 to +10.5) 1.44 (11310 1.84) 32%

group(s)

Highest reported AAC group 3 (224/878) +17.5 (+5.1 to +29.8) 2.86 (1.30 t0 6.28) 93%
Coronary heart disease

Lowest reported AAC 4 (299/2725) 1 (referent) 1 (referent)

Middle AAC group(s) 4 (382/1576) 5.6 (-0.4 to 11.6) 1.58 (1.16 to 2.16) 60%

Highest reported AAC 4 (458/1531) 10.7 (-1.31t0 22.8) 2.70 (1.47 t0 4.97) 88%
Cerebrovascular disease

Lowest reported AAC 3 (105/2677) 1 (referent) 1 (referent)

Middle AAC group(s) 3 (163/2524) 2.5(1.41t0 3.5) 1.72 (1.04 to 2.85) 65%

Highest reported AAC 3 (183/1971) 6.0 (3.8108.2) 2.91 (1.51 t0 5.62) 79%

AAC indicates abdominal aortic calcification.

CKD stages G3a-G5D (estimated glomerular filtration
rate <60 mL/min per 1.73 m? to dialysis), these patients
should be considered at the highest cardiovascular
disease risk.™

In cohorts recruited from the general population,
people with any or more advanced AAC had twice the
relative risk and 9% to 17% absolute risk difference for
cardiovascular events, fatal cardiovascular events, and
all-cause mortality compared with those in the low-
est reported AAC category. These very large absolute
risk differences are likely attributable to the nature of
the included cohorts, for example, elderly who are at
high risk of these events. When meta-analyzing the
adjusted measures of risk, the pooled RR remained

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205

similar, supporting the concept that AAC may provide
additional prognostic information to conventional risk
factors.®2757

While our sROC analyses demonstrated that AAC
alone had moderate to good discrimination for all out-
comes, it did not address whether the addition of AAC
to established risk factors improves prognostication. A
number of the larger studies from the general popula-
tion have previously reported that the addition of AAC
to conventional risk factors improves measures of dis-
crimination for cardiovascular events, cardiovascular
mortality, CHD events, and ischemic strokes.>%" In the
Framingham offspring cohort, the inclusion of AAC led
to a 12% improvement in net reclassification for both
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Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper
ratio limit limit p-Value

Golestani 2010 L”° 4.200 1.172 15046 0.028
Golestani 2010 H® 6100 1.711 21.744  0.005
Schousboe 2008 H'1.740 1.186 2.552  0.005
Schousboe 2008 L'*1.140 0.786 1.653  0.489
Levitsky 2008%"  1.310 1.045 1642 0.019

Lewis 2018 1310 1.045 1.642 0019
Wilson 2001" 1700 1381 2092 0.000
1508 1.235 1.841 0.000 *

05 1 2 5 10
No/low AAC Any/advanced AAC

Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper

ratio limit limit p-Value
Alison 2012°  1.360 0740 2500 0.322
Szulc2008LY 1900 1.182 3055 0.008
Szulc 2008 H® 2910 1.829 4629 0.000
Samelson 2007 M 1.900 1.447 2495 0.000
Lewis 2018 1320 1.035 1683 0.025
Samelson 2007 F 2100 1.698 2597 0.000

Rodondi2007° 1370 1.147 1636 0.001 ||
1738 1415 2135 0.000
051 2 5 10
No/low AAC Any/advanced AAC
E
Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper

ratio limit limit p-Value

14
Schousboe 2008 H 1490 0923 2407 0.103
Schousboe 2008 L'*1.000 0627 1594 1.000
Levitzky 2008 L  1.440 0932 2225 0.100
Hollander2003z; 1630 1057 2513 0.027
Levitzky 2008 H”' 1730 1.125 2661 0.013
Lewis 2018" 1670 1.144 2438 0.008

1493 1251 1782 0.000 *

2

05 1 5 10

No/low AAC Any/advanced AAC

Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper

ratio limit  limit p-Value
Witteman 1986 F3;1.490 0.028 78.608 0.844 f—F
Witteman 1986 M'6.410 1.169 35.159  0.032
Allison 2012 1.780 0391 8.102 0.456
Lewis 2018'° 1570 1.108 2225 0.011
wnsonzom”29 2260 1.656 3.083 0.000
Rodondi 2007 1180 0.883 1.576 0.262 r

1.702 1.198 2420 0.003

0102 05 1 2 5 10
No/low AAC Any/advanced AAC

Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value
Bolland 2010 M'" 1500 0202 11.124  0.692 bt b
Bolland 2010 F'" 2,050 1.089 3858 0.026
Schousboe 2008 H 2.060 1.281 3.313 0.003 —.—
Schousboe 2008 L'1.350 0.847 2.152 0.207 i
Lewis 2018"° 1380 1.009 1.888 0.044 .-
Wilson 2001" 1910 1478 2467 0.000
1695 1438 1.996 0.000 Q.I
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Figure 4. Cardiovascular risk factor adjusted association between abdominal aortic calcification (AAC) and cardiovascular
disease events (CVD) (A), fatal cardiovascular events (B), all-cause mortality (C), coronary heart disease events (D), and
cerebrovascular disease events (E) in cohorts from the general population.

Adjusted measures of risk only presented in; F indicates female only; H, high AAC vs none/less advanced; L, low AAC vs none/less

advanced; and M, male only.

CHD and major cardiovascular events.?” Taken together
with the sSROC analyses showing moderate to good dis-
crimination, these findings suggest that the addition of
AAC measures to Framingham risk factors are likely to
improve discrimination for cardiovascular events.

In the general population, there was high be-
tween-study heterogeneity for cardiovascular events,
fatal cardiovascular events, and all-cause mortality,
suggesting that the summary estimates should be
interpreted cautiously. This heterogeneity was poten-
tially attributable to cohort differences in systolic blood
pressure and total cholesterol, with AAC being more
prognostic in people with lower systolic blood pressure
and total cholesterol, confirming findings in individual
studies.”*"" This suggests that AAC may identify an
as yet underappreciated high-risk group not captured
by conventional risk factors. When meta-analyzing the

adjusted measures of risk, heterogeneity was reduced
for all outcomes.

Surprisingly, AAC imaging using x-ray, DXA, or CT
and thresholds of AAC were not a major source of be-
tween-study heterogeneity for cardiovascular events
or all-cause mortality. However, CT imaging was for
cardiovascular death in the general population be-
cause of a single study of lower-risk individuals.® This
suggests that low-cost, widely available imaging mo-
dalities can be used to identify people at a clinically
significantly increased risk of cardiovascular disease
events and mortality. This is an important finding given
the likely decline of standard radiographs, attributable
to improvements in the image quality of DXA images
at a fraction of the radiation dose of a standard radio-
graph and increasing access to CT as the radiation
dose becomes lower.
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Table 6. Comparison of Unadjusted and Adjusted
Estimates of Studies From the General Population

Pooled Adjusted
Any Advanced Pooled Unadjusted Relative Risk (95%
AAC Relative Risk (95% CI) Cl)
Cardiovascular 1.83 (1.40-2.39), 1.51 (1.24-1.84),
events 1°=87% 1°=45%
Fatal 1.85 (1.44-2.39), 1.70 (1.20-2.42),
cardiovascular 1°=69% [°=57%
events
All-cause 1.98 (1.55-2.53), 1.74 (1.42-2.13), I°’=70%
mortality 12=90%
Coronary heart 2.22 (1.57-3.15), I’=72% | 1.69 (1.44-2.00), I>=0%
disease
Cerebrovascular | 2.10 (1.41-3.12), I’=60% 1.49 (1.25-1.78), I’=0%
disease

AAC indicates abdominal aortic calcification.

There are a number of strengths of this me-
ta-analysis over the previous meta-analysis in 2012.71
Because of our broad inclusion criteria and more re-
cent search, we identified substantially more studies
than the previous meta-analysis (n=4 studies for car-
diovascular events and n=3 studies for fatal cardio-
vascular events).”! Additionally, we used the number
of people with an event within each group (unad-
justed estimates) from studies rather than the ad-
justed estimates of the risk or hazard ratio where the
interpretation and validity can be problematic when
studies adjust for different baseline confounders.
Additionally, we used subgroup analyses and me-
ta-regression to attempt to explain observed hetero-
geneity and identified a number of confounders that
are likely to contribute to the observed heterogeneity.
Finally, we undertook sROC analysis to determine the
discriminative performance of AAC alone for future
cardiovascular events, cardiovascular deaths, and
all-cause mortality. As such, this meta-analysis can
inform patients and their treating physicians about
their likely future cardiovascular risk and prognosis
when AAC is observed.

In regards to limitations, considerable differences
between cut points of AAC, even within the same
imaging modalities, make interpretation of the results
challenging. As such, we cannot propose a potentially
useful threshold based on the current meta-analysis.
Further individual patient level meta-analyses within
the same imaging modalities are needed. Second,
small-study publication bias was identified for cardio-
vascular events in the CKD population and all-cause
mortality in the general population and may have
compromised the validity of our results. As such, the
reported estimates should be considered tentatively.
Finally, in some cases, study demographics may have
influenced the imaging modality used; for example,
younger cohorts from the general population were
more likely to have CT or standard radiographs (range,

J Am Heart Assoc. 2021;10:e017205. DOI: 10.1161/JAHA.120.017205
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60-68 years), while DXA-based imaging was predomi-
nantly in elderly women (range, 68-80 years) captured
during bone density testing.

It is now clear that even in populations considered
at high risk of cardiovascular disease but sometimes
overlooked, such as the elderly and those with CKD,
severe AAC identifies those at substantially higher ab-
solute and relative risk. Potential uses for this informa-
tion include aiding treatment decisions and increased
patient awareness of disease risk and symptoms as a
motivational tool for lifestyle decisions and changes,
improving individual risk prediction and providing novel
targets for new treatments.

In conclusion, future studies should focus on
standardization of AAC assessment and reporting
and investigate whether the knowledge of AAC im-
proves primary prevention and clinical management
strategies. Given that AAC can be quickly and easily
captured using low to negligible radiation exposure
compared with assessing coronary artery calcifica-
tions, it may complement existing early detection and
primary prevention strategies for clinical cardiovascular
disease.
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Data S1. Newcastle-Ottawa scoring

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE - CASE CONTROL
STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the
Selection and Exposure categories. A maximum of two stars can be given for Comparability.

Selection
1) Is the case definition adequate?
a) yes, with independent validation *
b) yes, e.g. record linkage or based on self-reports
C) no description
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
3) Selection of Controls
a) community controls *
b) hospital controls
C) no description
4) Definition of Controls
a) no history of disease (endpoint) *
b) no description of source
Comparability
1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for CVD risk factors (Select the most important factor.) *

b) study controls for any additional factor * (This criterion could be modified to
indicate specific control for a second important factor.)

Exposure
1) Ascertainment of exposure

a) secure record (e.g., surgical records) *
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b) structured interview where blind to case/control status *
c) interview not blinded to case/control status
d) written self-report or medical record only
e) no description
2) Same method of ascertainment for cases and controls
a) yes *
b) no
3) Non-Response rate
a) same rate for both groups *
b) non respondents described

c) rate different and no designation

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE - COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the
Selection and Outcome categories. A maximum of two stars can be given for Comparability

Selection
1) Representativeness of the exposed cohort

a) truly representative of the average population (e.g., general population or CKD
patients) of that age in the community *

b) somewnhat representative of the average population (e.g., general population or CKD
patients) of that age in the community *

c) selected group of users e.g., nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non-exposed cohort
a) drawn from the same community as the exposed cohort *
b) drawn from a different source
¢) no description of the derivation of the non-exposed cohort

3) Ascertainment of exposure
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a) secure record (e.g., surgical records) *
b) structured interview *
c) written self-report
d) no description
4) Demonstration that outcome of interest was not present at start of study
a) yes *
b) no
Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) study controls for previous history of cardiovascular disease *
b) study controls for any additional conventional cardiovascular risk factors *
Outcome
1) Assessment of outcome
a) independent blind assessment *
b) record linkage *
c) self report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) *
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for *

b) subjects lost to follow up unlikely to introduce bias - small number lost - > 20% lost
to follow up, or description provided of those lost) *

c) follow up rate < 20% and no description of those lost

d) no statement
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Results

All studies provided a clear description of how exposure (amount of AAC) was ascertained,
however there was significant variability in between-study test characteristics and methods of
measurement. Scores used to determine AAC varied between the 52 studies, 19 studies (37%)
used thresholds based on the Kauppila AAC 8 or 24 score, 14 studies (27%) used the presence
vs. the absence of AAC, 7 studies (13%) used thresholds based on the AAC index (ACI), 5
studies (10%) used thresholds based on Agatston score and the remaining 7 studies (13%) used
other scoring methods. Only 15 studies (30%) provided evidence that prevalent cardiovascular
disease was not present at the beginning of the study. The majority of studies (94%) adjusted
for conventional cardiovascular risk factors or additional disease-specific risk factors.
However, only 11 studies (21%) provided adjustment for the history of cardiovascular disease.

Only 25 studies (48%) reported a complete/near complete follow-up.
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Table S1. Search strategy.

Keyword

MEDLINE

Embase

Population = None

No search strategy

No search strategy

Intervention/Test =
Abdominal aortic
calcification

exp Vascular Calcification/ or exp
Calcinosis/ or exp Vascular
Diseases/ or arterial
calcification.mp. or exp
Acrteriosclerosis/ or exp Arterial
Occlusive Diseases/ or exp Aortic
Diseases/ or aortic.mp. or vascular
calcifications.mp. or exp Vascular
Calcification/ and abdomin$.mp.
and aortic calc$.mp.

vascular calcification.mp. or exp
blood vessel calcification/ or
artery calcification.mp. or exp
artery calcification/ or exp
coronary artery disease/ or exp
aorta atherosclerosis/ or exp aorta
disease/ or exp arteriosclerosis/ or
arteriosclerosis.mp. or exp
atherosclerosis/ or exp
atherosclerotic plaque/ or
extracoronary.mp. and
abdomin$.mp. and artery
calc$.mp.

Methodology =
observational

prognosis.sh. or diagnosed.tw. or
cohort$.mp. or predictor$.tw. or
death.tw. or exp models, statistical

prognosis.sh. or diagnosed.tw. or
cohort$.mp. or predictor$.tw. or
death.tw. or exp models, statistical

Comparator = None

No search strategy

No search strategy

Outcome = None

No search strategy

No search strategy

Additional specific
filters

Human

Human

***The reference lists of recent literature reviews and guidelines were hand-searched for

further studies.
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Table S2. Detailed GRADE assessment for outcomes in people recruited from the general population*.

Quality of assessment (Decrease in quality score) Effect Summary of findings
size/dose
Studiest . . . . .. response Relative risk Test for Quality of
(subjects) Risk of bias | Inconsistency | Indirectness | Imprecision (95% CI) heterogeneity cvidence
Cardiovascular events
| popn.
11 between- . : 2_070
6 (8,498) - study selection may | no serious 0/11 1.83 (1.40-2.39) I=87%, Moderate
heterogeneity not pe imprecision p-value<0.001
generalizable
Fatal cardiovascular events
| popn.
11 between- . : 2
selection may no serious 1°=69%,
5 (8,004) - heteitt)ugeit not be imprecision 0/11 1.85 (1.44-2.39) o-value=0.001 Moderate
g Y generalizable
All-cause mortality
evidence of 11 between- L popn. : 2-900
5(8.862) | publication study selection may | no serious SIEY 1.98 (1.55-2.53) "=90%, Moderate
bias (11) heterogeneity not pe imprecision p-value<0.001
generalizable
Coronary heart disease events
| popn.
11 between- . . 2
selection may no serious 1°=72%, .
5 (7.766) i hete‘:’gu?rﬂeit not be imprecision /11 2.22 (1.57-3.15) p-value<0.001 High
g Y generalizable
Cerebrovascular events
| popn.
11 between- . . 2
selection may no serious 1°=60%, .
4 (8,943) - study not be imprecision 11/ 11 2.10 (1.41-3.12) o-value<0.001 High

heterogeneity

generalizable
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* All outcomes are considered clinically important. Scores are based on the GRADE for assessment of evidence about prognosis where the
evidence begins as high quality evidence.’® These criteria are based on; a) 5 domains diminishing confidence (-1 for risk of bias, inconsistency,
imprecision, indirectness, and publication bias) and b) 2 situations increasing confidence (+1 or +2 for large (RR >2) to very large (RR >4) effect
size and a +1 for a dose-response gradient [increasing pooled relative risks for CV events, fatal CV events, CHD events, cerebrovascular events
and all-cause mortality with increasing severity of AAC]).®

T Number of studies with suitable data for meta-analysis.
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Table S3. Detailed GRADE assessment for outcomes in chronic kidney disease patients*

Quality of assessment (Decrease in quality score) Effect Summary of findings
size/dose
Studiest . . . . .. response Relative risk Test for Quality of
(subjects) Risk of bias | Inconsistency | Indirectness | Imprecision (95% CI) heterogeneity cvidence
Cardiovascular events
evidence of Low/moderate oon no serious 111/ 22200
8(1,426) | publication | between-study P 'f bie | i e insufficient | 3.47 (2.21, 5.45) 1620.195 Moderate
bias (]1) heterogeneity generalizable | Imprecision evidencef p-value=2.
Fatal cardiovascular events
Low between- oon N0 SErious 111/
4 (1,163) - study genSrarlJiz'able morecision | nsufficient | 3.68 (2.32,5.84) | ’=0%, p-value=0.788 High
heterogeneity evidencef
All-cause mortality
Low between- oon N0 SErious 11/
9 (2,050) - study gengrafl’iz'able morecision | nsufficient | 2.40 (1.95-2.97) | 1=0%, p-value=0.584 High
heterogeneity evidencef

* All outcomes are considered clinically important. Scores are based on the GRADE for assessment of evidence about prognosis where the
evidence begins as high quality evidence.®® These criteria are based on; a) 5 domains diminishing confidence (-1 for risk of bias, inconsistency,

imprecision, indirectness, and publication bias) and b) 2 situations increasing confidence (+1 or +2 for large (RR >2) to very large (RR >4) effect

size and a +1 for a dose-response gradient [increasing pooled relative risks for CV events and all-cause mortality with increasing severity of

AAC)).

T Number of studies with suitable data for meta-analysis
tLess than 3 studies reported three or more groups.




Table S4. The reported AAC cut-offs for studies of X-rays or DXA images.

Study AAC?24 score or equivalent AACS score

CV events 0 1 2 3 4 5 6 7 8 9 10 11 12-24
G-Bolland - 2010
G-Golestani - 2010%
G-Lewis - 2018'°
G-Schousboe — 2008
G-Wilson - 200113
CKD-Cho - 2017%
CKD-Claes - 2013%
CKD-Munguia - 2015
CKD-Peeters — 2016
CKD-Vezzoli - 2014%

CV deaths

G-Lewis - 2018%°
G-Rodondi - 2007%°
G-Wilson — 200113
G-Witteman - 1986°!
CKD-Li - 2016*
CKD-Okuno - 20074

All-cause mortality
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G-Ganz - 2012%°
G-Lewis - 2018'°
G-Rodondi - 2007%°
G-Samelson — 2007°8*
G-Szulc — 2008
CKD-Disthabanchong-
2018%

CKD-Fusaro - 20123
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CKD-Hong - 2013%
CKD-Li - 2016*
CKD-Munguia - 2015
CKD-NasrAllah - 20174
CKD-Okuno - 20074°

G=recruited from the general population, CKD=recruited from the chronic kidney disease population. Green indicates the lowest reported
category of AAC, pink indicates the moderate AAC and red indicates the highest reported category of AAC.
*No extractable data for all-cause mortality in three groups.



T20Z ‘€T Afenuer uo Aq Bio'sfeuinofeye//:dny wouy pspeojumoq

Table S5. The reported AAC cut-offs for studies using CT.

Study Percentiles within each cohort

05 10 15 20 25 30 35 40 45 50 5 60 65 70 75 80 8 90 95 100

CV events

G-Criqui - 2014
CKD-Hanada - 2010°
CKD-Imanishi - 2014*
CKD-Tatami — 2015°
O-Davila - 2006
O-Parr - 2010

CV deaths

G-Criqui - 2014
CKD-Harbaugh - 2013%
CKD-Ohya - 2011
CKD-Tatami — 2015°
O-Allison - 2012%

All-cause mortality
G-Criqui - 2014
CKD-Djuric — 2016°
CKD-NasrAllah —
2016*"*

CKD-Ohya - 2011
CKD-Tatami - 2015°
O-Allison — 2012%
O-Harbaugh - 2013
G=recruited from the general population, O, recruited form other populations, CKD=recruited from the chronic kidney disease population. Zero indicated
categorised according to the presence of AAC. Green indicates the lowest reported category of AAC, pink indicates the moderate AAC and red indicates
the highest reported category of AAC. * No extractable data for some outcomes.
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Table S6. Multivariable adjustments used for individual studies of pooled adjusted estimated of risk.

Study reference

Point estimates (HR or RR) adjusted for

General population

Allison 201258

age, sex, body mass index, smoking, diabetes, hypertension, dyslipidemia, and family history of CVD.

Bolland 2010

age, systolic BP, smoking, status, history of diabetes, history of blood pressure treatment and BMI for women or
total cholesterol for men

Golestani 2010%

age, gender, hypertension, hypercholesterolemia, diabetes mellitus, smoking, and family history of CHD.

Hollander 200328

Adjusted for age, sex, diabetes mellitus, smoking, systolic and diastolic BP, cholesterol and HDL cholesterol, and
history of CVD.

Lewis 20181°

Framingham risk model (using BMI) and treatment code

Levitzky 20087

age, gender, diabetes, systolic BP, left ventricular hypertrophy on electrocardiogram, BMI, total cholesterol,
HDL cholesterol, current cigarette smoking, and hypertension treatment.

Rodondi 2007%°

age, smoking status, diabetes, systolic blood pressure, physical activity, waist girth, and history of angina and
myocardial infarction.

Schousboe 2008

age, systolic BP, LDL and HDL cholesterol, triglycerides, smoking, renal function, treatment assignment
(clodronate or placebo), self-reported diagnoses of diabetes mellitus, hypertension, angina, prior stroke, and
health status.

Szulc 20082°

age, weight, tobacco smoking, diabetes, and medications.

Samelson 2007%8

age, BMI, smoking, systolic BP, total cholesterol, diabetes, CHD, and estrogen use (in women).

Wilson 200112

age, cigarettes, diabetes mellitus, systolic BP, left ventricular hypertrophy, BMI, cholesterol, and HDL
cholesterol

Witteman 198631

Blood pressure, total serum cholesterol, BMI, smoking history (current, past, never) and diabetes
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Table S7. Comparison of random and fixed effect estimates of studies from the general population.

Any advanced abdominal aortic calcification

Random effects RR (95% CI)

Fixed effects RR (95% CI)

Chronic kidney diease

Cardiovascular events
Fatal cardiovascular events

All-cause mortality

3.47 (2.21, 5.45)
3.69 (2.32-5.85)

2.41 (1.95-2.97)

3.30 (2.29-4.77)
3.69 (2.32-5.85)

2.41 (1.95-2.97)

General population

Cardiovascular events
Fatal cardiovascular events
All-cause mortality
Coronary heart disease

Cerebrovascular disease

1.83 (1.40-2.39)
1.85 (1.44-2.39)
1.98 (1.56-2.93)
2.23 (1.57-3.15)

2.10 (1.41-3.12)

1.56 (1.45-1.68)
1.89 (1.68-2.13)
1.49 (1.42-1.55)
1.98 (1.76-2.28)

2.11 (1.70-2.62)
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A) B)

Follow-up cohort |

Sufficient follow-up period Outcome
Assessment of outcome
m O stars
Controls for other factors
= W 1star
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Figure S1. Newcastle Ottawa scoring of studies included in the meta-analysis by a) items and b) domains. Maximum number of
stars for each domain is 1) outcome maximum of 3 stars 2) comparability maximum of 2 stars, and 3) Selection maximum of 4
stars. CVS Hx = History of cardiovascular disease which was considered the most important factor to be controlled for.
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a)

Study name Statistics for each study Risk ratio and 95% ClI

Risk Lower
26ratic\ limit
Golestani 2010 5.28 1.42
Criqui2014911 400 201
Bolland 2010 2.64 1.51
Lewis 2018'° 136 1.02
Wilson2001°  2.04 178
2.22 1.57

Figure S2. Forest plots for the pooled relative risk of a) coronary heart disease events (1?=72%, p-value=0.012) and b)
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Study name Statistics for each study Risk ratio and 95% ClI

Risk Lower
ratio limit
Golestani 2010° 4.95  0.97
Bolland 2010 1.61  0.96
Lewis 2018 161 113
Hollander 2003 2.87  2.06
210  1.41
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cerebrovascular events (12=60%, p-value=0.055) in the general population stratified by no or low abdominal aortic calcification

(AAC) vs any or more advanced AAC.
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Figure S3. Meta-regression — Log RR of any CV event by top left) the proportion of women
the study cohort (r?=0.0, p=0.012), top right), baseline systolic blood pressure (SBP) in mmHg
(r?=0.42, p=0.003), bottom left) age group (r>=0.0, p=0.048) and bottom right) total cholesterol
in mg/dL (r>=0.04, p=0.048). Variables tested (where sufficient studies were available n=3)
included: age group, total cholesterol, high density lipoprotein cholesterol, % females, %type
2 diabetics, & current smokers, BMI, SBP, % prescribed anti-hypertensives, % with clinical
history of CVD.
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Figure S4. Meta-regression — Log RR for fatal CV events top left) imaging modality used in
the studies (r?=0.60, p=0.029) and top right) means systolic blood pressure (SBP) in mmHg
(r?=0.45, p=0.027) and bottom left) total cholesterol in mg/dL (r?=0.13, p=0.031). Variables
tested (where sufficient studies were available n=3) included age group, total cholesterol, high
density lipoprotein cholesterol, % females, %type 2 diabetics, & current smokers, BMI, SBP,
% prescribed anti-hypertensives, % with clinical history of CVD.
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Figure S5. Meta-regression — Log RR of any all-cause mortality by top left) follow up time in
year (r>=0.11, p=0.008) and top right) % of participants with type 2 diabetes (r>=0.42, p=0.003),
bottom left) mean systolic blood pressure (SBP) in mmHg (r>=0.39, p=0.002) and bottom right)
region of study (r>=0.36, p=0.017). Variables tested (where sufficient studies were available
n=3) included age group, total cholesterol, high density lipoprotein cholesterol, %females,
%type 2 diabetics, & current smokers, BMI, SBP, % prescribed anti-hypertensives, % with
clinical history of CVD.
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