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SexDifferences inCoronaryArtery
Calcium and Mortality From
Coronary Heart Disease,
Cardiovascular Disease, and All
Causes in Adults With Diabetes:
The Coronary Calcium
Consortium
Diabetes Care 2020;43:2597–2606 | https://doi.org/10.2337/dc20-0166

OBJECTIVE

While diabetes has been previously noted to be a stronger risk factor for cardio-
vascular disease (CVD) in women compared withmen, whether this is still the case is
not clear. Coronary artery calcium (CAC) predicts coronary heart disease (CHD) and
CVD in people with diabetes; however, its sex-specific impact is less defined. We
compared the relation of CAC in women versus men with diabetes for total, CVD,
and CHD mortality.

RESEARCH DESIGN AND METHODS

We studied adults with diabetes from a large registry of patients with CAC scanning
with mortality follow-up over 11.5 years. Cox regression examined the relation of
CAC with mortality end points.

RESULTS

Among 4,503 adults with diabetes (32.5% women) aged 21–93 years, 61.2% of
women and 80.4% of men had CAC >0. Total, CVD, and CHD mortality rates were
directly related to CAC; women had higher total and CVD death rates than men when
CAC >100. Age- and risk factor–adjusted hazard ratios (HRs) per log unit CAC were
higher amongwomen versusmen for totalmortality (1.28 vs. 1.18) (interaction P5 0.01)
and CVDmortality (1.47 vs. 1.27) (interaction P5 0.04) but were similar for CHDmortality
(1.48 and 1.48). For CVDmortality, HRs with CAC scores of 101–400 and >400 were
3.67 and 6.27, respectively, for women and 1.63 and 3.48, respectively, for men
(interaction P 5 0.04). For total mortality, HRs were 2.56 and 4.05 for women,
respectively, and 1.88 and 2.66 for men, respectively (interaction P 5 0.01).

CONCLUSIONS

CAC predicts CHD, CVD, and all-causemortality in patients with diabetes; however,
greater CAC predicts CVD and total mortality more strongly in women.
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More than 30 million (.9%) U.S. adults
have diabetes (1), which is associated
with a greater risk for mortality from
coronary heart disease (CHD), cardiovas-
cular disease (CVD), and all causes (2).
People with diabetes are more likely to
have coronary artery calcium (CAC) on
computed tomography (CT) scanning, a
marker of subclinical atherosclerosis, as
well as greater levels of CAC (3–5). CAC,
as measured by the Agatston CAC score
(6), predicts CHDandCVDevents in adults
with diabetes, and a substantial propor-
tion of adults with diabetes have CAC 5
0 associated with a long-term event-free
risk, identifyinggreatheterogeneity in risk
according to the level of CAC and indi-
cating diabetes is not necessarily a CHD
risk equivalent (5,7–9). Further, data
from a large contemporary cohort (10)
and from a large meta-analysis (11) also
confirm diabetes not necessarily to be a
CHD risk equivalent.
Diabetes has been reported to be a

stronger risk factor for CVD events among
women compared with men (12,13); how-
ever, whether this still remains the case in
contemporary U.S. cohorts and what
might explain such differences is uncer-
tain. Among the general population, a
recent investigation showed CAC was a
strongerpredictorofCVDdeath inwomen
compared with men (14). Whether differ-
ences in subclinical atherosclerosis in
those with diabetes might differentially
identify a subset of women who are at
particularly high risk is not known. Our
investigation sought to examine whether
there are sex differences in the relation of
CAC with mortality from CHD, CVD, and
all-causes in adults with diabetes.

RESEARCH DESIGN AND METHODS

Study Population
We included women and men aged $18
years from the CAC Consortium, a pro-
spective cohort studyof 66,636asymptom-
atic adults who received clinically indicated
CAC scans from 2004 to 2014 at four U.S.
clinical sites: Cedars-Sinai Medical Center,
Los Angeles, CA (n 5 13,972, years 1998–
2010); Preva Health Wellness Diagnostic
Center, Columbus, OH (n 5 7,042, 1999–
2003); Harbor-UCLA Medical Center, Tor-
rance, CA (n 5 25,563, 1991–2008); and
Minneapolis Heart Institute, Minneapolis,
MN (n 5 20,059, 1999–2005) (15).
Diabetes was reported by physician

diagnosis or self-report by the participant
takinghypoglycemic therapy. Information

on fasting blood glucose (with$126 mg/
dL defining diabetes) and insulin was also
available at the Cedars-Sinai site. Overall,
4,503 participants were defined with di-
abetes for the current study.

Risk Factor, CAC Measures, and
Mortality Ascertainment
Hypertension was present if there was a
prior diagnosis of hypertension or treat-
ment with antihypertensive therapy. Dys-
lipidemia was defined as a prior diagnosis
of primary hyperlipidemia, prior diagnosis
of dyslipidemia (elevated triglycerides
and/or low HDL-cholesterol [C]), or treat-
ment with any lipid-lowering drug. In
patients with concomitant laboratory
data, dyslipidemia was additionally con-
sidered present if LDL-C $160 mg/dL,
HDL-C ,40 mg/dL in men and ,50
mg/dL in women, or fasting triglycerides
$150 mg/dL. Smoking status was cat-
egorized as never, former, or current
smoking. Family history of CHD was
predominantly determined by the pres-
ence of a first-degree relative with a his-
tory of CHD; however, the Columbus, OH,
site used age ,55 years in old in a male
relative and ,65 years old in a female
relative to define a positive family history
(15). The 10-year Atherosclerotic Cardio-
vascular Disease (ASCVD) risk score was
calculated in available patients with lipid
levels and blood pressure measurements
using the Pooled Cohort Risk Score (16).

Noncontrast cardiac-gated CT for CAC
scanningwas performed at each site accord-
ing to a common standard protocol using
amultidetector CT scanner or anelectron
beam scanner. Further details of the scan-
ners and procedures used at each specific
participating site in the CAC Consortium
have been previously documented (15).
CAC score was quantified using the Agat-
stonmethod in all patients (6). In addition,
from the sites with available data, scans
were also evaluated according to the
number of calcified lesions (Harbor-UCLA,
Minneapolis Heart Institute) (n 5 2,826),
numberof calcifiedvessels (leftmain, left
anteriordescending, left circumflex, right
coronary artery) (Cedars, Harbor-UCLA,
Minneapolis Heart Institute) (n 5 4,046),
CAC volume score (Cedars-Sinai, Minneap-
olis Heart Institute) (n5 2,047), and lesion
size (Minneapolis Heart Institute) (n5 624)
calculated by total volume score divided
by number of lesions.

Causes of mortality were ascertained by
National Death Index linkage over a mean

follow-up of 11.5 years using a matching
algorithmas has beenpreviously described
(15). The primary outcome of the CAC
Consortiumwas cause-specificmortality,
with first-order categorization into CVD
mortality (inclusive of CHD, stroke, heart
failure, and other cardiovascularmortality)
andnon-CVDmortality (cancer, pulmonary
disease, gastrointestinal disease, nervous
systemdisorders,endocrine/metabolicdis-
ease, injury and poisoning, or other) (15).

Statistical Analysis
Among subjects with diabetes in the CAC
Consortium, we grouped subjects accord-
ing to CAC score (0, 1–100, 101–400,
.400) and compared age, ethnicity,
risk factors (hypertension, smoking, hy-
perlipidemia, family history of CHD), and
ASCVD risk score between women and
men and separately in women and men
accordingtoCHD,CVD,andtotalmortality
status using the Student t test or x2 test
of proportions for continuous and cate-
gorical variables, respectively. CHD, CVD,
non-CVD, and total mortality rates (per
1,000 person-years) were calculated for
each CAC group by sex and overall. Cox
regression with calculated hazard ratios
(HRs) examined the relation of CAC cat-
egories (0, 1–100, 101–400, and .400)
and natural log of CAC11 with CHD, CVD,
all-causes, aswell as non-CVDmortality in
women and men separately, both for
those with and without diabetes. Inter-
action terms of sex and CAC were also
tested and done separately in those with
and without diabetes as well as three-way
interaction terms done between diabetes
status, sex, and CAC. Cox regressions were
also performed examining the strength of
diabetes as a risk factor for each CHD, CVD,
and total mortality within men and
women separately, first without and
then with the inclusion of coronary cal-
cium (log-transformed) as a covariate, to
explain whether possible sex differences
in diabetes as a risk factor might be
explained by CAC. Overall sample analyses
were adjusted for age, sex, hypertension,
hyperlipidemia, familyhistory, and smok-
ing; sex-specific analyses were adjusted
for the same factors except for sex. CAC
volume (mm3), number of lesions, and
lesion size (HU/mm3) all measured con-
tinuously were also related to mortality
end points by similar analysis and com-
paringwomen versusmen among those at
or above and belowmedian levels of these
CAC measures. Statistical significance was
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set at a , 0.05; however, a correspond-
ing Bonferroni P value of,0.017 is noted
given the three primary outcomes (CHD,
CVD, and total mortality). SAS 9.4 soft-
ware (SAS Institute, Cary, NC) was used
for all statistical analyses.

RESULTS

Our study included 4,503 individuals with
diabetes, of which 74.2% were positive
for CAC (score.0). Table 1 shows women
(n 5 1,461) compared with men (n 5
3,042) were slightly older, with a lower
BMIand less likely tobecurrently smoking
but more likely to have a family history of
CHD and hypertension. Our cohort was
largely White (75%). Men compared with
women with diabetes had higher mean
10-year ASCVD risk scores. Women had a
much higher absence of CAC (38.8%) than
did men (19.6%). While 29.2% of men with

diabetes had CAC scores.400, only 16%
of women were in this category (P ,
0.0001 comparing CAC category distribu-
tion between men and women). More-
over, women with diabetes had on
average fewer CAC lesions than men,
fewer calcified vessels, and a lower vol-
ume score (all P , 0.0001) but similar
lesion size. Overall, 2.3%, 3.9%, 10.9%,
and 7.0% of subjects died of CHD, CVD,
all-causes, and non-CVD causes, respec-
tively, with no significant differences
between men and women.

Table 2 shows the comparison of clin-
ical and CAC data among women and
men with diabetes. Women with versus
without death from all causes, CVD, and
CHD were more likely to be older, non-
White (for CVDmortality only), and have
dyslipidemia (for total and CVD mortal-
ity), with current smoking associated

with total mortality and hypertension
associated with CVD and total mortality.
The 10-year ASCVD risk was also signif-
icantly higher in those who subsequently
experienced versus did not experience
death from all causes, CVD, or CHD. All
three mortality end points were associ-
ated with higher CAC scores, greater
number of lesions, calcified vessels, and
volume score. Among men, greater age
and non-White ethnicity were associated
with each mortality end point; hyperlip-
idemia was only associated with CHD
mortality. Total CAC score, 10-year ASCVD
risk, number of calcified vessels, and
volume score were all higher in those
with versus without death from all causes,
CVD, or CHD.

Figure 1 shows total, CVD, and CHD
mortality rates per 1,000 person-years
according to CAC category among our

Table 1—Baseline characteristics of study population of adults with diabetes (N 5 4,503)

Overall Men Women
P valueN 5 4,503 n 5 3,042 (67.6%) n 5 1,461 (32.4%)

Age, years 58.7 6 10.7 58.1 6 10.6 60.0 6 10.9 ,0.0001

BMI, kg/m2 (n 5 2,234) 29.8 6 6.3 30.0 6 5.8 29.5 6 7.3 0.05

Race/ethnicity (n 5 2,748) 0.07
White 2,073 (75.4) 1,417 (77.0) 656 (72.3)
Asian 190 (6.9) 121 (6.6) 69 (7.6)
Black 169 (6.2) 106 (5.8) 63 (6.9)
Hispanic 316 (11.5) 197 (10.7) 119 (13.1)
Other 0 0 0

Current smoker 480 (10.7) 345 (11.3) 135 (9.2) 0.03

Any family history of CHD 1,982 (44.0) 1,248 (41.0) 734 (50.2) ,0.0001

Hyperlipidemia 2,811 (62.4) 1,878 (61.7) 933 (63.9) 0.17

Hypertension 2,497 (55.5) 1,616 (53.1) 881 (60.3) ,0.0001

ASCVD risk score 0.20 6 0.16 0.22 6 0.16 0.15 6 0.16 ,0.0001

Total CAC Agatston score ,0.0001
0 1,163 (25.8) 596 (19.6) 567 (38.8)
1–100 1,349 (30.0) 920 (30.2) 429 (29.4)
101–400 870 (19.3) 639 (21.0) 231 (15.8)
$401 1,121 (24.9) 887 (29.2) 234 (16.0)

Total CAC lesions (n 5 2,846) 7.0 6 10.6 8.0 6 11.3 4.6 6 8.4 ,0.0001

Number of CAC vessels (n 5 3,580) ,0.0001
0 1,059 (29.6) 555 (23.3) 504 (42.1)
1 538 (15.0) 343 (14.4) 195 (16.3)
2 579 (16.2) 397 (16.7) 182 (15.2)
3 864 (24.1) 658 (27.6) 206 (17.2)
4 540 (15.1) 429 (18.0) 111 (9.3)

Total CAC volume (mm3) (n 5 2,047) 341.9 6 731.4 402.0 6 796.7 222.8 6 562.5 ,0.0001

Lesionssize (HU/mm3) (total volumescore/total lesions) (n5624) 29.0 6 30.5 28.6 6 29.8 30.1 6 32.8 0.63

CHD deaths 107 (2.4) 81 (2.7) 26 (1.8) 0.07

CVD deaths 175 (3.9) 118 (3.9) 57 (3.9) 0.97

Total deaths 490 (10.9) 334 (11.0) 156 (10.7) 0.76

Non-CVD deaths 315 (7.0) 216 (7.1) 99 (6.8) 0.69

Data are presented as mean6 SD or as n (%). BMI was available in 1,498 men and 736 women, race in 1,841 men and 907 women, total CAC lesions
in 1,954 men and 892 women, number of CAC vessels in 2,382 men and 1,198 women, total volume score (mm3) in 1,361 men and 686 women, and
lesions size (HU/mm3) information in 471 men and 153 women.
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women and men with diabetes. CAC was
absent (score5 0) in 39% of women and
in 20% of men; these individuals had
mortality rates from CHD and CVD of,1
and total mortality,3 per 1,000 person-
years in women and men. However,
while scores of .400 were associated
with similar rates of CHD mortality in
women (6.4) and men (6.3), these levels
of CAC were associated with CVD and
total mortality rates that were substan-
tially greater in women (15.2 and 33.4,
respectively) than in men (8.0 and 19.0,
respectively). In addition, intermediate
levels of CAC (101–400) were also asso-
ciated with greater CVD and total mor-
tality rates in women compared with
men. Corresponding Kaplan-Meier curves
are provided in Supplementary Fig. 1.
Table 3 shows results from Cox pro-

portional hazards regression for the pre-
diction of all-cause, CVD, and CHDmortality
after adjustment for clinical variables in
men and women separately among those
with and without diabetes. In those with
diabetes, the nonlinearity assumption
was violated for total and CVD mortality
but not for CHD mortality; however, the
proportionality assumption was not vio-
lated for anyof theendpoints. Per logunit
of total CAC in the overall sample and
in women and men separately, signifi-
cantly greater risks for total, CVD, and
CHD mortality were observed. Among
those with diabetes, HRs were lower in
men compared with women for total
mortality (1.18 and 1.28, respectively;
sex interaction P 5 0.01) and for CVD
death (1.27 and 1.47, respectively; sex
interaction P5 0.04), but similar for CHD

death (1.48 and 1.48, respectively; sex
interaction P 5 0.54). A similar pattern
held for those without diabetes, although
with generally lower HRs, especially for
men. In those with diabetes, compared
with CAC5 0, the HRs (adjusted for age,
sex, smoking, hypertension, hyperlipid-
emia, and family history of CHD) associ-
atedwith CAC1–100, 101–400, and.400
ranged from 2.4 to 9.0 for CHD death, 1.4
to 3.5 for CVD death, and 1.4 to 2.6 for
total death in men and from 2.7 to 9.7 for
CHD death, 1.0 to 6.3 for CVD death, and
1.4 to 4.1 for total death in women. An
interaction term with sex and CAC cate-
gories was again significant for CVD
death (P 5 0.04) and total death (P 5
0.01). A similar pattern held for those
without diabetes, with HRs greater for
women compared with men with higher
levels of CAC (100–399 and $400) for
total and CVD, but not CHDmortality. The
magnitude of the differences between
women and men, however, was notably
lower than in those with diabetes. Higher
levels of CAC also predicted non-CVD
mortality, with HRs generally higher in
those with diabetes than in thosewithout
diabetes, although there were no signif-
icant interactions by sex. Three-way tests
of interaction (examining whether the
difference in HRs between men and
women were significantly different be-
tween those with and without diabetes)
were not significant for any of the end
points.

Further analysis examined whether di-
abetes was a stronger predictor of our
mortality end points in women compared
with men andwhether CACmight explain

this. The strength of diabetes as a risk
factor for total, CVD, and CHD mortality
was only slightly higher in women com-
pared with men. Adjusted HRs and 95%
CIs were 1.81 (1.53–2.16), 2.14 (1.59–
2.89), and 2.29 (1.48–3.56), respectively,
in women and 1.73 (1.53–1.94), 1.82
(1.49–2.23), and2.20 (1.72–2.82), respec-
tively, in men. Further adjustment for
log(CAC11) attenuated these HRs to
1.62 (1.36–1.93), 1.78 (1.33–2.39), and
1.68 (1.21–2.93), respectively, in women
and to1.60 (1.42–1.81), 1.60 (1.31–1.97),
and1.86 (1.45–2.39), respectively, inmen.
Interaction terms of diabetes and sex
were not significant for either end point.

We also performed Cox regression
examining HRs for total, CVD, and CHD
mortality comparing women and men
(Supplementary Table). Those with CAC
scores of 0 and 1–100 shownodifference
comparing women and men, but in-
creasedHRswere seen forwomenversus
men in thosewith CAC scores of 101–400
and .400 for both CVD and total mor-
tality (P, 0.05, except P5 0.08 for total
mortality for those with scores of 101–
400). Also, HRs for CVD mortality were
significantly greater for women versus
men in those who were above the me-
dian for calcium volume and lesion size
and were borderline significant (P 5
0.05) for those with three or more cal-
cified vessels.

CONCLUSIONS

Our study demonstrates, in the largest
cohort of subjects with diabetes inves-
tigating CAC and long-term mortality
outcomes, a strong relation of CAC score
as well as number of calcified lesions
and vessels with CHD, CVD, and total
mortality. We importantly show CAC
to be a stronger predictor of CVD and
total mortality in women compared
with men when analyzed both continu-
ously (natural log-transformed CAC score)
and categorically with scores of 101–400
and .400. In addition, we confirm the
findings of prior studies that diabetes is
not necessarily a CHD risk equivalent
(5,7–9). Thirty-nine percent of women
and 20% of men had CAC scores of 0,
with associated CHD and CVD mortality
rates of ,1 per 1,000 person-years.

In those with CAC scores.100, higher
greater absolute and relative risks for
total and CVD mortality are seen in
women than in men, emphasizing the

Figure 1—Mortality rates (per 1,000 person-years) from CHD, CVD, and all causes by CAC score
categories in women and men with diabetes: the CAC Consortium.

2602 Sex Differences in CAC and Death in Diabetes Diabetes Care Volume 43, October 2020

https://doi.org/10.2337/figshare.12691940
https://doi.org/10.2337/figshare.12691940


T
a
b
le

3
—
A
d
ju
st
ed

C
o
x
re
g
re
ss
io
n
fo
r
C
A
C

sc
o
re

w
it
h
C
H
D
,
C
V
D
,
n
o
n
-C

V
D
,
a
n
d
to
ta
l
m
o
rt
al
it
y
in

w
o
m
e
n
a
n
d
m
e
n
w
it
h
a
n
d
w
it
h
o
u
t
d
ia
b
e
te
s

N
o
d
ia
b
et
es

D
ia
b
et
es

M
en

(n
5

41
,5
91
)

W
o
m
en

(n
5

20
,5
42
)

M
en

(n
5

3,
04

2)
W
o
m
en

(n
5

1,
46

1)

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

To
ta
l
m
o
rt
al
it
y

Lo
g
to
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

1.
12

(1
.1
0–
1.
15

)
,
0.
00
01

1.
15

(1
.1
2–
1.
18

)
,
0.
00

01
1.
18

(1
.1
2–
1.
25
)

,
0.
00

01
1.
28

(1
.1
9–
1.
38
)

,
0.
00
01

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

0.
97

(0
.9
4–
1.
00
)
P
5

0.
03

0.
89

(0
.8
2–
0.
97
)
P
5

0.
01

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

b
y
d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

0.
99

(0
.9
6–
1.
02
)
P
5

0.
59

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

0
R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

1–
10

0
1.
08

(0
.9
3–
1.
26

)
0.
34

1.
31

(1
.1
0–
1.
57

)
0.
00
3

1.
36

(0
.8
3–
2.
24
)

0.
23

1.
43

(0
.8
1–
2.
56
)

0.
22

10
1–
40

0
1.
39

(1
.1
8–
1.
63

)
,
0.
00
01

1.
73

(1
.4
1–
2.
13

)
,
0.
00

01
1.
88

(1
.1
5–
3.
09
)

0.
01

2.
56

(1
.4
5–
4.
53
)

0.
00

1
$
40

1
2.
03

(1
.7
4–
2.
38

)
,
0.
00
01

2.
84

(2
.2
9–
3.
52

)
,
0.
00

01
2.
61

(1
.6
1–
4.
24
)

,
0.
00

01
4.
05

(2
.3
3–
7.
04
)

,
0.
00
01

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

0.
89

(0
.8
3–
0.
95
)
P
5

0.
00

04
0.
79

(0
.6
5–
0.
95
)
P
5

0.
01

To
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x
b
y

d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

0.
95

(0
.8
9–
1.
03
)
P
5

0.
20

C
V
D
m
o
rt
al
it
y

Lo
g
to
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

1.
23

(1
.1
8–
1.
29

)
,
0.
00
01

1.
25

(1
.1
8–
1.
33

)
,
0.
00

01
1.
27

(1
.1
4–
1.
41
)

,
0.
00

01
1.
47

(1
.2
7–
1.
71
)

,
0.
00
01

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

0.
92

(0
.8
7–
0.
98
)
P
5

0.
00

6
0.
84

(0
.7
1–
0.
99
)
P
5

0.
04

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

b
y
d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

0.
96

(0
.9
2–
1.
01
)
P
5

0.
16

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

0
R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

1–
10

0
1.
22

(0
.8
9–
1.
66

)
0.
22

1.
51

(1
.0
2–
2.
25

)
0.
04

1.
36

(0
.5
4–
3.
45
)

0.
52

0.
96

(0
.2
9–
3.
21
)

0.
95

10
1–
40

0
1.
85

(1
.3
5–
2.
54

)
0.
00
01

2.
54

(1
.6
7–
3.
85

)
,
0.
00

01
1.
63

(0
.6
4–
4.
14
)

0.
30

3.
67

(1
.3
0–
10

.3
8)

0.
01

$
40

1
3.
25

(2
.4
0–
4.
40

)
,
0.
00
01

4.
57

(3
.0
3–
6.
91

)
,
0.
00

01
3.
48

(1
.4
4–
8.
37
)

0.
00
5

6.
27

(2
.2
7–
17

.2
8)

0.
00
04

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

0.
79

(0
.7
0–
0.
90
)
P
5

0.
00

03
0.
71

(0
.5
1–
0.
99
)
P
5

0.
04

To
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x
b
y

d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

0.
90

(0
.8
0–
1.
01
)
P
5

0.
08

C
H
D
m
o
rt
al
it
y

Lo
g
to
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

1.
32

(1
.2
5–
1.
41

)
,
0.
00
01

1.
29

(1
.1
7–
1.
41

)
,
0.
00

01
1.
48

(1
.2
8–
1.
71
)

,
0.
00

01
1.
48

(1
.1
8–
1.
85
)

0.
00
07

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

0.
96

(0
.8
7–
1.
05
)
P
5

0.
32

0.
92

(0
.7
2–
1.
19
)
P
5

0.
54

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

b
y
d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

1.
00

(0
.9
4–
1.
07
)
P
5

0.
93

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

0
R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

1–
10

0
1.
42

(0
.9
0–
2.
23

)
0.
13

1.
03

(0
.5
4–
1.
98

)
0.
93

2.
38

(0
.5
2–
10

.9
1)

0.
27

2.
66

(0
.2
9–
24

.3
0)

0.
39

10
1–
40

0
2.
52

(1
.6
0–
3.
95

)
,
0.
00
01

2.
27

(1
.2
0 –
4.
31

)
0.
01

2.
91

(0
.6
3–
13

.3
5)

0.
17

7.
79

(0
.9
5–
63

.8
2)

0.
06

$
40

1
4.
51

(2
.9
1–
7.
00

)
,
0.
00
01

4.
99

(2
.7
2–
9.
16

)
,
0.
00

01
8.
99

(2
.1
1–
38

.3
4)

0.
00
3

9.
65

(1
.1
8–
79

.2
0)

0.
04

C
on

ti
nu

ed
on

p.
26

04

care.diabetesjournals.org Wong and Associates 2603

http://care.diabetesjournals.org


T
a
b
le

3
—
C
o
n
ti
n
u
e
d

N
o
d
ia
b
et
es

D
ia
b
et
es

M
en

(n
5

41
,5
91
)

W
o
m
en

(n
5

20
,5
42
)

M
en

(n
5

3,
04

2)
W
o
m
en

(n
5

1,
46

1)

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

A
d
ju
st
ed

H
R
(9
5%

C
I)

P
va
lu
e

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

0.
82

(0
.6
8–
0.
99
)
P
5

0.
04

0.
92

(0
.5
6–
1.
52
)
P
5

0.
74

To
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x
b
y

d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

0.
98

(0
.8
4–
1.
16
)
P
5

0.
84

N
o
n
-C
V
D
M
o
rt
al
it
y

Lo
g
to
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

1.
07

(1
.0
4–
1.
09

)
,
0.
00
01

1.
07

(1
.0
3–
1.
11

)
0.
00
04

1.
15

(1
.0
7–
1.
23
)

,
0.
00

01
1.
17

(1
.0
7–
1.
28
)

0.
00
08

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

1.
00

(0
.9
6–
1.
03
)
P
5

0.
84

0.
96

(0
.8
6–
1.
06
)
P
5

0.
37

Lo
g
to
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

b
y
d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

1.
03

(0
.9
9–
1.
07
)
P
5

0.
14

To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

0
R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

R
ef
er
en

ce
5

1.
0

1–
10

0
1.
11

(0
.9
4–
1.
33

)
0.
23

1.
25

(1
.0
2–
1.
53

)
0.
03

1.
64

(0
.9
0–
2.
98
)

0.
10

1.
85

(0
.9
6–
3.
60
)

0.
07

10
1–
40

0
1.
22

(1
.0
1–
1.
47

)
0.
04

1.
39

(1
.0
9–
1.
78

)
0.
00
9

2.
46

(1
.3
6–
4.
44
)

0.
00
3

1.
57

(0
.7
8–
3.
19
)

0.
21

$
40

1
1.
56

(1
.2
9–
1.
88

)
,
0.
00
01

1.
49

(1
.1
3–
1.
97

)
0.
00
4

2.
54

(1
.4
3–
4.
53
)

0.
00
2

2.
96

(1
.5
0–
5.
84
)

0.
00

2
To
ta
l
C
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x

in
te
ra
ct
io
n
te
rm

1.
00

(0
.9
2–
1.
08
)
P
5

0.
91

0.
92

(0
.7
2–
1.
61
)
P
5

0.
47

To
ta
lC
A
C
A
ga
ts
to
n
sc
o
re

b
y
se
x
b
y

d
ia
b
et
es

in
te
ra
ct
io
n
te
rm

1.
05

(0
.9
6–
1.
15
)
P
5

0.
27

P
,

0.
05

is
st
at
is
ti
ca
lly

si
gn

ifi
ca
n
t.
Es
ti
m
at
es

ad
ju
st
ed

fo
r
ag
e,

se
x,
h
yp
er
te
n
si
o
n
,
h
yp
er
lip
id
em

ia
,
fa
m
ily

h
is
to
ry
,
an
d
sm

o
ki
n
g.

B
o
n
fe
rr
o
n
i
co
rr
ec
te
d
P
,

0.
01
7.

U
n
ce
n
so
re
d
(d
ea
th
s)

o
f
C
H
D
to
ta
l
52

4,
C
H
D

w
it
h
d
ia
b
et
es

to
ta
l
10

7,
C
V
D
to
ta
l
97

1,
C
V
D
w
it
h
d
ia
b
et
es

to
ta
l
17

5,
to
ta
l
d
ea
th
s
to
ta
l
3,
15
8,

to
ta
l
d
ea
th

w
it
h
d
ia
b
et
es

to
ta
l
49

0,
n
o
n
-C
V
D
to
ta
l
2,
18
7,

n
o
n
-C
V
D
w
it
h
d
ia
b
et
es

to
ta
l
31

5.

2604 Sex Differences in CAC and Death in Diabetes Diabetes Care Volume 43, October 2020



greater association of moderate and
extensive levels of CAC in women com-
pared with men with CVD and total mor-
tality. While for men scores of 101–400
and .400 were associated with CVD
death rates of 2.7 and 8.0 per 1,000
person-years, the corresponding values
forwomenwere 6.0 and 15.2.Moreover,
for total deaths, rates for CAC scores of
101–400 and.400 were 10.3 and 19.0,
respectively, formen, but 14.9 and 33.4,
respectively, for women. This indicates
women with diabetes who have more
advanced subclinical atherosclerosis (e.g.,
CAC scores of $100) are at both higher
relative as well as absolute risks for mor-
tality from CVD and all-causes compared
with men.
Our results suggest CAC screening in

those with diabetes may be able to
discriminate risk better in women com-
pared with men, given the greater differ-
ences in absolute risk identified across
CAC categories; however, it should be
noted that moderate-significant levels
of CAC (scores of .100) were also less
common in women compared with men
with diabetes (32% vs. 50%, respectively,
in our sample). Nevertheless, this still
represents a high proportion of women
with diabetes at increased risk for CVD
or all-cause mortality. Conversely, nearly
40%ofwomenbut only 20%ofmenhad a
CAC score of 0, representing very low
annual mortality rates of ,1%, a signif-
icant survival “warranty.”
Shaw et al. (14) showed in the overall

CAC consortium cohort that CAC scores
of 101–399 and$400 also predicted CVD
mortality more strongly in women com-
paredwithmen.Theyalso showedhigher
HRs for CVD mortality in women com-
paredwithmenwithmultiple-vessel CAC
and in those with greater CAC volume.
Women with larger CAC lesions also had
greater CVDmortality rates. Our findings
in those with diabetes are consistent,
where the HRs for CVD mortality were
greater in women versus men among
those who had three to four calcified
vessels (P5 0.06) and greater (above the
median) CAC volume and lesion sizes
(P , 0.05 to P , 0.001).
Our greater risks for CVD and total

mortality conferred by CAC in women
compared with men with diabetes pro-
vide support for prior studies showing
diabetes to be a stronger risk factor for
CVD and total mortality in women
compared with men (12,13). Moreover,

global statistics show diabetes to be
related to more deaths globally in women
(813,025 or 3.1% of all deaths in women
compared with 684,346 or 2.3% of all
deaths in men) (17). Some have noted
greater differences in risk factor prev-
alence in those with versus without
diabetes in women compared with men,
such as poorer risk factor control in women,
as well as differences in sex hormones that
may help explain the greater CVD risks
in women conferred by diabetes (18).
Our study, however, is the first to show
sex differences in diabetes patients in
the magnitude of risk of CVD or total
mortality by the level of CAC. Women
with CAC scores of .100 have greater
CVD and total mortality risks than do
men with the same CAC scores.

The initial (19) and more recent
10-year follow-up (9) of the Multiethnic
Study of Atherosclerosis (MESA) cohort
both show the importance of CAC as a
predictor of ASCVD events beyond risk
factors in middle-aged adults as well as
long-term warranty associated with a
0 calcium score. We show in the current
study that CHD and CVD mortality rates
are both,1% per year in those subjects
with diabetes with a 0 score, which was
found in 20% of men and nearly 40% of
women in our diabetes cohort. We show
more than a 10-fold variation in CHD and
CVD mortality rates by CAC score in our
cohort of diabetes subjects, indicating
great heterogeneity of risk in those with
diabetes. This closely parallels results pre-
viously observed for CHD and CVD events
among subjects with diabetes across CAC
score categories in the Multiethnic Study
of Atherosclerosis (5), with a more recent
report indicating poorer glycemic control
and long diabetes duration associated
with worse outcomes at each level of
CAC (8). Analysis of the Diabetes Heart
Study (20) has shown that CAC in people
with diabetes provides further improve-
ment in the C statistic and net reclassi-
fication improvementover theFramingham
risk score for the prediction of cardiovas-
cularmortality over 7.4 years. Our study is
the first to evaluate sex differences in
these relationships with mortality end
points in patients with diabetes.

The recent American College of Cardiology/
American Heart Association Multiso-
ciety Cholesterol Guidelines (21) had
noted the use of CAC as a risk stratifier
after consideration of other “risk-enhancing”
factors, with CAC scores$100 an impetus

for use of a high-intensity statin. These
scores are consistent with our earlier
observations for CHD and CVD event
risk being increased in people with di-
abetes in MESA (5). With women being
less likely than men to fill statin prescrip-
tions (22), our currentobservationof their
even higher event rates than men when
diabetes is accompanied by higher CAC
scores may help identify those needing
more intensive risk factor intervention,
with the hopes of diminishing this gap
in care.

Our study has important strengths and
limitations. The large sample size across
several geographic regions and standard-
ized and largely complete ascertainment
of mortality follow-up are important
strengths. The diabetes diagnosis was
based on treatment with oral hypoglyce-
mic drugs or insulin; thus, those whomay
have had undiagnosed diabetes would not
have been included in our study. Limita-
tions include the reliance of self-reported
risk factor information for most analyses,
with actual risk factor measurements
available in only a subset of participants.
Importantly, we did not have information
on glycated hemoglobin, duration of di-
abetes, and other diabetes-specific mea-
sures of severity that could potentially offer
further insight into our findings. More-
over, information on the number of CAC
lesions,volumescore,and lesionsizewere
only available in a subset of subjects,
limiting statistical power for examining
relationships of some of these measures
withoutcomes inourdiabetescohort.Our
cohort being predominantlyWhite (75%),
with few events in non-White individuals,
precluded us from doing ethnic-specific
analyses. Moreover, with coronary cal-
cium scans being physician referred and
clinically indicated for cardiovascular risk
stratification, as opposed to self-referrals,
while more real-world, can also result in
our cohort not being fully representative
of the general population of people with
diabetes. Our sample of subjects with
diabetes, compared with a recently pub-
lished representative sample of U.S. sub-
jects with diabetes without prior CVD,
shows age tobecomparable (58.7 vs. 58.1
years), but male sex to be more common
(67.6% vs. 50.6%) and White ethnicity to
be more common (75.4% vs. 60.5%) (23).
However, compared with subjects with
diabetes in the Multiethnic Study of Ath-
erosclerosis, theprevalenceofdyslipidemia
(62% vs. 61%), hypertension (56% vs. 66%),
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and smoking (11%vs. 13%)was similar, but
our cohort had a greater prevalence of
higher CAC scores (44% vs. 20% with
scores .100) (5).
In conclusion, we show that while CAC

predicts CHD, CVD, and total mortality in
adults with diabetes overall, it is a stron-
ger predictor of CVD and total mortality
in women compared with men, with
CAC scores of .100 having greater
absolute and relative risks for CVD
and total mortality rates in women.
This may help alert the clinician about
the greater seriousness of diabetes in a
woman if accompanied by a high CAC
score. Given that awareness about ex-
tent of CVD in women remains under-
appreciated, our study contributes to
increasing the importance of the clini-
cian-patient risk discussion regarding
risk factor modification efforts aimed
to optimize the prevention of CVD
events in women with diabetes.
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