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ABSTRACT

Introduction There is conflicting evidence whether lower
extremity arterial calcification coincides with coronary
arterial calcification (CAC). The aims of this study were

to investigate the associations between (1) femoral and
crural calcification with CAC, and (2) femoral and crural
calcification pattern with CAC.

Research design and methods This cross-sectional study
included 405 individuals (74% men, 62.6+10.9 years) from
the ARTEMIS cohort study at high risk of cardiovascular
disease (CVD) who underwent a CT scan of the femoral, crural
and coronary arteries. High CVD risk was defined as history/
presence of cerebrovascular disease, coronary artery disease,
abdominal aortic aneurysm, renal artery stenosis, peripheral
artery disease or CVD risk factors: diabetes mellitus type

2, hypertension, hyperlipidemia. Calcification score within
each arterial bed was expressed in Agatston units. Dominant
calcification patterns (intimal, medial, absent/indistinguishable)
were determined via a CT-guided histologically validated
scoring algorithm. Multivariable-adjusted multinomial logistic
regression analyses were used. Replication was performed in
an independent population of individuals with diabetes mellitus
type 2 (Early-HFpEF cohort study).

Results Every 100-point increase in femoral and crural
calcification score was associated with 1.23 (95%
Cl=1.09 to 1.37, p<0.001) and 1.28 (95% Cl=1.11 to
1.47, p=0.001) times higher odds of having CAC within
tertile 3 (high) versus tertile 1 (low), respectively. The
association appeared stronger for crural versus femoral
arteries. Moreover, the presence of femoral intimal
(OR=10.81, 95% CI=4.23 to 27.62, p<0.001), femoral
medial (OR=10.37, 95% Cl=3.92 to 27.38, p<0.001) and
crural intimal (OR=6.70, 95% Cl=2.73 to 16.43, p<0.001)
calcification patterns were associated with higher odds of
having CAC within tertile 3 versus tertile 1, independently
from concomitant calcification score. This association
appeared stronger for intimal versus medial calcification
patterns. The replication analysis yielded similar results.
Conclusions Higher femoral and crural calcification scores
were associated with higher CAC. Moreover, the presence of
femoral intimal, femoral medial and crural intimal calcification
patterns was associated with increased CAC. It appears that
arterial calcification is a systemic process which occurs
simultaneously in various arterial beds.

.2 Anna G Hoek,"? Emma J Bouman,'® Teddo Doesburg,*

1,2,3,7

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Individuals with diabetes mellitus type 2 or other
cardiovascular disease (CVD) risk factors have a
high burden of arterial calcifications, which pose
them at high risk of atherosclerotic events, such
as infarction and stroke, and arteriosclerotic events
such as lower limb amputation.

WHAT THIS STUDY ADDS

= This study shows that arterial calcification with-
in the lower extremities coincides with coronary
arterial calcification, which indicates that arteri-
al calcification is a systemic process which oc-
curs simultaneously throughout the whole body.
This may explain why individuals with diabetes
mellitus type 2 or other CVD risk factors with
arterial calcification have a threefold to fourfold
increased risk of CVD compared with individuals
without arterial calcification.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This research underlines the importance of
curbing the burden of arterial calcification within
individuals with diabetes mellitus type 2 or other
CVD risk factors in order to reduce CVD mortality
and morbidity. Future research should focus on
prevention and treatment of arterial calcifica-
tion, while practice should focus on detection,
prevention and treatment.

BACKGROUND

Arterial calcification in any arterial wall
accounts for a threefold to fourfold increased
risk of cardiovascular disease (CVD) and
mortality.! The majority of research on calci-
fication morphology has been devoted to the
coronary arteries, carotid arteries and aorta,
but less is known on calcification morphology
in arteries of the lower extremities and their
contribution to total calcification burden. It
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is known that calcification of the intimal layer is more
often observed in the coronary arteries, common carotid
arteries and aorta, and is associated with atherosclerotic
outcomes such as myocardial infarction and stroke.” In
contrast, calcification of the medial layer is more often
observed in arteries of the breast, carotid siphon and
lower extremities, and is associated with vascular stiffness
which may give rise to lower limb amputation among
others.”

So far, it is unclear whether lower extremity arterial
calcification (LEAC) coincides with coronary arterial
calcification (CAC). A few studies investigated the asso-
ciation between LEAC and CAC. However, the validity
of these study results was limited by the small sample
size*™ and the use of specific study populations such as
hemodialysis patients and patients with type 1 diabetes
mellitus (T1DM).? ® Moreover, no prior studies inves-
tigated whether the presence of either intimal arte-
rial calcification (IAC) or medial arterial calcification
(MAC) patterns in the lower extremities was associated
with CAC, independently from concomitant calcifica-
tion score. Consequently, there is a need for a large-scale
study investigating the association between LEAC, in
terms of score and pattern, with CAC in a population at
high risk of CVD. Understanding these associations may
help to establish whether LEAC contributes to calcifica-
tion burden and CVD risk independently from CAC. In
addition, it may shed light on identification of individuals
with pronounced CAC based on the presence of LEAC.

It is hypothesized that shear stress and atheroscle-
rotic risk factors (eg, smoking and hyperlipidemia) have
systemic consequences and therefore calcification of the
femoral and crural arteries should be associated with
higher CAC. Moreover, since IAC and MAC share various
risk factors, it is thought that the presence of either
IAC or MAC in the lower extremities is associated with
increased CAC, with the association being stronger for
IAC compared with MAC.?

This study aims to investigate the associations between
(1) femoral and crural calcification with CAC and (2)
femoral and crural calcification patterns with CAC, inde-
pendently from concomitant calcification score, in a
population at high risk of CVD. Cross-sectional data will
be used from the ARTEMIS Study, which is a substudy
with participants from the ongoing Second Manifes-
tations of ARTerial Disease (SMART) cohort study and
the ongoing Hoorn Diabetes Care System (DCS) cohort
study.

MATERIALS AND METHODS
Study population and design
Data were used from two ongoing cohort studies, the
DCS cohort’ and the SMART cohort," together forming
the ARTEMIS Study.”

The DCS cohort consists of over 15000 individuals
aged 50-75 years with type 2 diabetes mellitus (T2DM)
from the West-Friesland region in the Netherlands. These

individuals were referred to the DCS Study centre by their
general practitioner. The DCS Study centre provides
monitoring of glycemic control and diabetes-related
risk factors and complications. Details of the DCS are
described elsewhere.’ Individuals from the DCS cohort
are representative of Western-European semiurban indi-
viduals with T2DM and are therefore considered to be at
increased risk of CVD.’

The SMART cohort consists of over 13000 individuals
aged 18-79 years who were referred to the University
Medical Centre Utrecht since 1996 with or at high risk of
CVD. High risk of CVD was defined as having a history of
cerebrovascular disease, coronary artery disease (CAD),
abdominal aortic aneurysm, renal artery stenosis, periph-
eral artery disease (PAD) or having CVD risk factors such
as T2DM, hypertension, hyperlipidemia, renal insuf-
ficiency and/or family history of CVD. Details of the
SMART cohort are described elsewhere.'” Attributable to
the wide age range and the liberal definition of high CVD
risk, individuals from the SMART cohort are representa-
tive for a nationwide or even Western-European popula-
tion of individuals at high CVD risk."

A total of 718 individuals (DCS N=198, SMART N=520)
were included in the ARTEMIS Study as they underwent
a high-resolution quantitative CT (HR-qCT) scan of the
femoral arteries and crural arteries in both lower limbs
between 2015 and 2017. Because of logistic and financial
reasons, only a subset of individuals were invited to partic-
ipate in the ARTEMIS Study. However, baseline charac-
teristics were similar for SMART and SMART-ARTEMIS
participants,” ' as well as for DCS and DCS-ARTEMIS
participants.” '* Of these 718 individuals, 405 individuals
(DCS N=198, SMART N=207) also received an HR-qCT
scan of the coronary arteries and were included in the
analysis. Individuals with bilateral lower limb amputation
at the moment of inclusion into the ARTEMIS Study were
excluded. Figure 1 portrays the flow diagram.

In a replication analysis, CT data of 600 individuals
from the Early-HFpEF Study were used. The Early-HFpEF
Study consists of 848 individuals with T2DM ranging
50-75 years. These participants also originated from the
DCS cohort and are therefore at high risk of CVD. Main
reasons for replication were the availability of reliability
data on calcification measurements and validation of
conclusions drawn from the main analyses.

Measurement of calcification score

The calcification score was derived from a CT scan of
the femoral, crural and coronary arteries using a locally
developed software tool (iX Viewer, Utrecht University
Medical Centre). All participants underwent an unen-
hanced CT scan of either the full body or the legs (slice
thickness 1 mm, increment 0.7mm, resampled to 5mm
slices with 4mm increment). A calcific lesion was consid-
ered as calcification when the CT density exceeded 130
Hounsfield units. The amount of calcification in the coro-
nary arteries was measured using the Agatston method."
The Agatston method is the most commonly accepted
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DCS (1996-ongoing)
Assessed for eligibility (n > 15,000)

SMART (1996-ongoing)
Assessed for eligibility (n > 13,000)

Excluded (n> 14,000)

2015 and 2017

+ Not part of DCS-ARTEMIS sub study
+ Did not receive CT scan between

Excluded (n> 12,000)

+ Not part of SMART-ARTEMIS sub study

+ Did not receive CT scan between 2015
and 2017

ARTEMIS (2015-2017)

Early-HFpEF (2019-2023)

Assessed for eligibility (n= 718)
(DCS n= 198; SMART n= 520)

A

Assessed for eligibility (n= 848)

» + No CT scan of coronaries (n= 313)

Excluded (n=248)

Excluded (n=313)

+ Did not receive CT scan between
2019 and 2023
+ CT scan not analyzed yet

A 4

A\ 4

Replication Analysis Main Analysis

(n= 600) (n= 405)

(DCS n= 198; SMART n= 207)

Figure 1

Flow diagram of the Diabetes Care System (DCS) and Second Manifestations of ARTerial Disease (SMART) cohorts

forming the ARTEMIS cohort study with replication by the Early-HFpEF cohort study.

method for determination of CAC. Femoral and crural
calcification scores were also measured using the Agat-
ston method after resampling to a higher slice thickness.
Subsequently, the calcification scores of the left and
right femoral arteries were averaged, just as the calcifi-
cation scores of the left and right crural arteries. The
main outcome of this study was CAC and due to the non-
normal distribution of calcification scores, CAC scores
were normalized by categorization into tertiles. The
quantitative scoring of LEAC and CAC was performed
by an experienced researcher (E]JB) who was blinded to
patient characteristics. This researcher was trained by
an experienced radiologist (PAd]). Data on reliability
parameters within the ARTEMIS Study were unknown.

Within the Early-HFpEF Study, determination of
LEAC score was performed by a researcher (RM) and
two research assistants who were trained by PAd]. The
inter-rater correlation coefficient was 0.922 (0.853—
0.959) for the femoral arteries and 0.890 (0.793-0.942)
for the crural arteries, which both reflect excellent reli-
ability. Finally, determination of CAC score was done by
a researcher (RM) and a research assistant, who were
trained by PAd]. The interrater correlation coefficient
of the CAC measurement was 0.997 (0.994-0.999), which
reflects nearly perfect reliability.

Measurement of calcification pattern
The calcification pattern was derived from the femoral and
crural arteries. A CT-guided scoring algorithm was used

to identify the pattern of calcification in these arteries."*
Points were assigned to three domains of the calcification:
circularity (0O=absent, 1=dot, 2=<90°, 3=90-270° or 4=270-
360°), thickness (O=absent, 1=>1.5mm, or 3=<1.5mm) and
morphology (O=indistinguishable, l=irregular/patchy or
4=continuous). The points per domain were summed for
determination of the total pattern score. Dominant calci-
fication pattern was categorized as: ‘absent’ (0 points),
‘indistinguishable’ (0 points for morphology, regardless of
points for circularity and thickness), ‘dominant IAC’ (<7
points) or ‘dominant MAC’ (27 points). The qualitative
scoring of calcifications was performed by PAd] who was
blinded to patient characteristics. The scoring algorithm
was developed by Kockelkoren et al and was validated in
the intracranial internal carotid artery."* This study showed
that the interrater reliability was 0.72 (0.60-0.84) and the
intrarater reliability was 0.82 (0.73-0.89).'* In 2022, the
scoring algorithm was validated versus histology in the
crural arteries and more than 70% of the arteries were
correctly classified as ‘absent’, ‘dominant IAC’ or ‘domi-
nant MAC"® Moreover, the absolute agreement for IAC
was 0.47, while this was 0.42 for MAC."

Within the Early-HFpEF Study, determination of calci-
fication pattern was done by a researcher (RM) and two
research assistants who were trained by PAd]. The inter-
rater kappa was 0.59 (0.55-0.64) and 0.57 (0.53-0.62) for
the femoral and crural arteries, respectively. Both agree-
ments reflect moderate reliability.
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Covariates
Medical history on cerebrovascular disease, CAD, aneu-
rysm of the abdominal aorta and PAD (all yes/no) was
obtained via a comprehensive screening at baseline
(SMART) or via self-report during routine care visits
(DCS). Smoking status was self-reported (never/former/
current smoker). Moreover, data on the use of antihyper-
tensive medication and lipid-lowering medication (both
yes/no) were collected via self-report and medication
lists. Data on diabetes status (yes/no) were collected in
the SMART cohort when there was a referral diagnosis
or self-report of diabetes mellitus, the participant used
glucose-lowering medication and/or when there was a
baseline fasting plasma glucose level >7mmol/L. Physical
examinations were performed in order to obtain weight,
height, systolic blood pressure (SBP) and diastolic blood
pressure (DBP). The weight (kg) and height (m) were
used to calculate the body mass index (BMI) (kg/ m?).
The SBP (=2140mm Hg) and DBP (=290mm Hg) were
used along with the use of antihypertensive medication
(yes/no) to define hypertension (yes/no) if at least one
of these three criteria was fulfilled.

Within the Early-HFpEF Study, only data on age and
sex were available, as the study was still ongoing in 2023.

Biochemical measurements

Fasting blood samples were drawn and analyzed for
measurement of total cholesterol (mmol/L), high-
density lipoprotein-cholesterol (mmol/L), low-density
lipoprotein (LDL)-cholesterol (mmol/L), triglycerides
(mmol/L), glucose (mmol/L), HbAlc (mmol/mol), C
reactive protein (mg/L) and creatinine levels (pmol/L)
using standard laboratory techniques.’ '” The CKD-EPI
formula was used to estimate the glomerular filtration
rate (eGFR) (mL/min/1.73 m?)."° Hyperlipidemia was
dichotomously defined as having a total cholesterol
>5.0mmol/L, an LDL-cholesterol >3.2mmol/L and/or
using lipid-lowering medication.

Statistical analysis

Baseline characteristics were described for the full
cohort and per CAC tertile. Continuous variables were
expressed as mean (SD) or median (IQR) depending on
their distribution. Categorical variables were presented
as frequencies (group percentage). Differences between
these CAC tertiles were tested with a X* test for categor-
ical variables and with an analysis of variance (ANOVA)
(or Kruskal-Wallis test in case of violation of assumptions
for ANOVA) for continuous variables.

The associations between femoral and crural calci-
fication scores with CAC score were examined using a
multinomial logistic regression analysis. Calcifications in
the femoral and crural arteries were modeled continu-
ously with increments of 100 points in calcification score,
while CAC score was normalized by categorization into
tertiles 1 (low; reference), 2 (medium) and 3 (high). No
normalization of femoral and crural scores was needed as

multinomial regression analysis does not require normal-
ization of exposure variables.

The associations between calcification pattern in the
femoral and crural arteries with CAC score were eval-
uated using a multinomial logistic regression analysis.
Both the femoral and crural calcification patterns were
regarded as exposure and were categorized as ‘absent/
indistinguishable’ (reference), ‘dominant IAC’ and
‘dominant MAC’. Again, CAC score was categorized into
tertiles.

Confounders were selected based on literature. Model
1 adjusted for age, sex, cohort, and femoral and crural
Agatston score (per l-point increment; only for analysis
on calcification pattern). Model 2 included adjustment
for variables in model 1 along with smoking status and
BMI. Finally, model 3 included adjustment for model 2
along with diabetes mellitus, hypertension, hyperlipid-
emia and eGFR (per 1-point increment).

Effect modification by sex, smoking status, history
of CVD, history of diabetes, use of antihypertensive
medication and use of lipid-lowering medication was
checked. This was evaluated by adding an interac-
tion term to the final model. If the p-for-interaction
values were below 0.1, then the analysis was stratified
accordingly.

Effect estimates consisted of ORs, the respective
95% CIs, and the corresponding p values. Moreover,
goodness of fit of the final model was tested using the
Hosmer-Lemeshow test and described with the McFad-
den’s R,

The two main analyses were replicated using data from
the Early-HFpEF Study. Only adjustment for age and sex
was performed as data on all other covariates were still
unavailable within the Early-HFpEF Study at moment of
data analysis.

The correlation between calcification scores in each
arterial bed was described using the Spearman’s rank-
order correlation test and was visually presented with
two-way scatterplots. Moreover, the correlation between
calcification pattern in the femoral arteries with calcifica-
tion pattern in the crural arteries was described using the
Cramér’s V test. For the latter correlation, the calcifica-
tion patterns were categorized as ‘absent’, ‘indistinguish-
able’, ‘dominant IAC’ and ‘dominant MAC’.

Imputation of calcification scores was considered
infeasible as most of the missing scores were attributable
to technical issues or presence of prostheses. As such,
complete case analysis was applied on data from partic-
ipants who had calcification data on both femoral and
coronary arteries (n=383), on both crural and coronary
arteries (n=395) and on all three arteries (n=380). Two
participants were excluded because they had missing
data on smoking status and BMI. All analyses were carried
out using STATA software (V.17.0, StataCorp, College
Station, USA). A probability value of 0.05 was used as a
cut-off value to assess statistical significance, unless stated
otherwise.
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Table 1 Baseline characteristics described for the full cohort and per coronary arterial calcification (CAC) category -8
Total study CAC tertile 1 CAC tertile 2 CAC tertile 3 5

population (low) (0-87) (medium) (94-514) (high) (516-6853) P value g

n 718 135 135 135 %
Personal characteristics ‘(f’)
Male sex (%) 552 (76.9) 84 (62.2) 99 (73.3) 116 (85.9) <0.001 %
Age (years) 62.0 (10.6) 56.7 (11.1) 63.4 (9.2) 67.7 (9.4) <0.001 5“
Lifestyle variables é
Current smoker (%) 136 (19.0) 29 (21.6) 33 (24.4) 16 (11.9) 0.001 S
Body mass index (kg/m?) 28.0 (4.4) 29.2 (4.8) 28.0 (4.3) 28.6 (4.8) 0.119 §
Diabetes mellitus 279 (38.9%) 68 (50.4%) 71 (52.6%) 85 (63.0%) 0.085 o
Diabetes mellitus type 2 (%) 276 (38.4) 68 (50.4) 71 (52.6) 84 (62.2) 0.115 )
Hypertension 428 (59.6%) 72 (53.3%) 88 (65.2%) 98 (72.6%) 0.004 E
Systolic blood pressure (mm Hg) 133 (17) 130 (15) 134 (17) 136 (19) 0.019 g
Diastolic blood pressure (mm Hg) 78 (9) 80 (8) 79 (8) 77 (9) 0.077 %_
Antihypertensive medication (%) 405 (56.6) 65 (48.2) 82 (60.7) 91 (67.9) 0.004 i
Hyperlipidemia 248 (34.5%) 57 (42.2%) 69 (51.1%) 77 (57.0%) 0.050 g
Total cholesterol (mmol/L) 4.2 (3.5-4.9) 4.3 (3.6-5.1) 4.1 (3.7-5.0) 4.0 (3.4-4.6) 0.045 8
LDL-cholesterol (mmol/L) 23(1.8-2.8) 24(1.7-3.0) 2.2(1.8-2.7) 2.1 (1.6-2.6) 0.053 §
HDL-cholesterol (mmol/L) 1.2(1.0-1.4) 1.2(1.0-1.4) 1.2(1.0-1.5) 1.1 (1.0-1.4) 0.366 ';
Lipid-lowering medication (%) 580 (80.9) 89 (65.9) 114 (84.4) 123 (91.8) <0.001 ;
Triglyceride level (mmol/L) 1.4(1.0-1.9) 1.4(1.0-2.00 1.4(1.1-2.0) 1.4 (1.0-1.9) 0.922 ;,'?g
Other clinical variables g 5
eGFR (mL/min/1.73 m?) 85 (25) 80 (22) 81 (25) 84 (25) <0.001 %ﬁ

C reactive protein level (mg/L) 1.6 (0.8-3.7) 1.5(0.7-3.8) 1.7 (0.8-3.7) 1.5 (0.9-3.2) 0.960 ﬁ §
Glucose level (mmol/L) 6.2 (5.6-7.7) 6.5(5.7-8.7) 6.6 (5.8-8.0) 6.9 (6.0-8.6) 0.268 é g
HbA1c level (mmol/mol) 38 (35-48) 40 (34-51) 41 (37-51) 44 (37-55) 0.052 e 3
Creatinine level (umol/L) 83 (72-94) 78 (67-86) 81 (72-93) 86 (74-102) <0.001 - g_
Manifest cardiovascular disease 518 (72.1%) 74 (54.8%) 76 (56.3%) 88 (65.2%) 0.173 8
Cerebrovascular disease (%) 107 (14.9) 31 (23.0) 13 (9.6) 14 (10.4) 0.002 §
Coronary artery disease (%) 408 (56.8) 42 (31.1) 57 (42.2) 79 (58.5) <0.001 =y
Abdominal aortic aneurysm (%) 26 (3.6) 2 (1.5) 4 (3.0) 2 (1.5) 0.600 -i
Peripheral artery disease (%) 37 (5.2) 4 (3.0) 5 (3.7) 5(3.7) 0.929 %
Differences were tested with a X test for categorical variables and ANOVA (Kruskal-Wallis in case of violation of assumptions) for continuous g

i o
Xal\:g\blf,sénalysis of variance; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein. %
S

iy

RESULTS CAC categories in both the femoral and crural arteries. =]
Baseline and calcification characteristics Furthermore, the full cohort showed a median calcifica- 3
The total cohort consisted of 76.9% males with a mean tion score of 143 (16-645) and 74 (9-364) in the femoral N
age of 62.0£10.6 years (table 1). Moreover, 59.6% of the  and crural arteries, respectively. Both calcification scores ™
cohort had hypertension, while 34.5% had hyperlipid- showed a tendency to increase along increasing CAC §
emia. Across increasing CAC categories, the percentage categories. ]
of male sex and mean age increased. Within the full The study population characteristics of the Early- c
cohort, 38.0% and 27.9% showed a dominant JAC and  HFpEF cohort are shown in online supplemental table 1. @
a dominant MAC pattern in the femoral arteries, respec- The Early-HFpEF Study population (61.5% males, mean =
tively (table 2). The prevalence of a dominant JAC anda  age 67.8+6.1 years) had slightly less males and a slightly S
dominant MAC pattern was somewhat lower in the crural higher age compared with the study participants from the §
arteries (30.4% and 25.2%, respectively). The preva-  ARTEMIS Study. The prevalence of IAC (femoral=22.0%; é’.
lence of both TAC and MAC increased across increasing  crural=12.2%) was lower, while the prevalence of MAC m
S_D‘

<
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Table 2 Femoral and crural calcification characteristics described for the full cohort and per coronary arterial calcification

(CAC) category
Total study CAC tertile 1 CAC tertile 2 CAC tertile 3
population (low) (0-87) (medium) (94-514) (high) (516-6853) P value
n 713 133 134
Femoral calcification pattern® <0.001
Absent (%) 162 (22.7) 2 (54.4) 6 (12.0) 7 (5.2)
Dominant IAC (%) 271 (38.0) 0(15.0) 57 (42.9) 61 (45.5)
Dominant MAC (%) 199 (27.9) 7 (12.8) 39 (29.3) 61 (45.5)
Indistinguishable (%) 81 (11.4) 4(18.1) 1(15.8) 5(3.7)
n 532 56 109 123
Femoral calcification quantityt§
Femoral mean Agatston score (unitless) 143 (16-645) 30 (2-154) 119 (27-461) 567 (153-2445) <0.001
n 718 135 135
Crural calcification pattern <0.001
Absent (%) 215 (29.9) 7 (64.4) 34 (25.2) 11 (8.2)
Dominant IAC (%) 218 (30.4) 9.6) 42 (31.1) 52 (38.5)
Dominant MAC (%) 181 (25.2) 4(10.4) 28 (20.7) 62 (45.9)
Indistinguishable (%) 104 (14.5) 15.6) 31 (23.0) 10 (7.4)
n 490 46 96 121
Crural calcification quantityt1§
Crural mean Agatston score (unitless) 74 (9-364) 31 (6-255) 49 (8-275) 332 (74-1172) <0.001

Differences were tested with a X? test for categorical variables and Kruskal-Wallis test for continuous variables.

*Missing calcification pattern data in femoral artery (n=5).
TExcluding CT scans with 'absent' in this arterial bed.
FUsing a CT density threshold of 130 Hounsfield units.

§Missing calcification score data in femoral artery (n=19) and crural artery (n=13).

IAC, intimal arterial calcification; MAC, medial arterial calcification.

(femoral=40.0%; crural=28.2%) and median calcification
scores (femoral=658 (197-2269); crural=223 (69-985))
were higher in the Early-HFpEF Study compared with the
ARTEMIS Study.

Association between femoral and crural calcification scores
with CAC score

Adjusted according to model 3, every 100-point increase
in femoral calcification score was significantly associated
with 1.17 (95% CI 1.05 to 1.31, p=0.004) and 1.23 (95%
CI 1.09 to 1.37, p<0.001) times higher odds of having a
CAC score within middle and highest tertile, versus lowest
tertile, respectively (table 3). The Hosmer-Lemeshow p
value was 0.419 and the McFadden’s R? was 0.214, indi-
cating a good fit.

Similarly, every 100-point increase in crural calcifica-
tion score was associated with 1.25 (95% CI 1.08 to 1.44,
p=0.002) and 1.28 (95% CI 1.11 to 1.47, p=0.001) times
higher odds of having a CAC score within middle and
highest tertile, versus lowest tertile, respectively (table 3:
model 3). The Hosmer-Lemeshow p value was 0.946 and
the McFadden’s R* was 0.189, again indicating a good fit.

No effect modification by sex, smoking status, mani-
fest CVD, history of diabetes, use of antihypertensive

medication and use of lipid-lowering medication was
observed (data not shown).

Association between femoral and crural calcification patterns
with CAC score

Significant associations were observed for calcifications
of both the femoral and crural arteries, where the effect
estimates were slightly stronger, although not signifi-
cantly, for IAC compared with MAC (table 4).

Having an IAC or an MAC pattern in the femoral
arteries was significantly associated with higher odds of
having a CAC score within tertile 3 (high) versus tertile
1 (low) (OR=10.81; 95% CI 4.23 to 27.62, p<0.001;
OR=10.37, 95% CI 3.92 to 27.38, p<0.001) in model 3,
respectively. These effect estimates were weaker, although
still statistically significant when comparing IAC and
MAC in tertile 2 (medium) with tertile 1. The Hosmer-
Lemeshow p value was 0.174 and the McFadden’s R* was
0.267, indicating a good fit.

Similar associations were observed in the crural
arteries. The presence of an IAC or an MAC pattern in
the crural arteries was significantly associated with higher
odds of having a CAC score within tertile 3 versus tertile 1
(OR=6.70; 95% CI 2.73 to 16.43, p<0.001; OR=5.10, 95%
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Table 3 Associations between every 100-unit increase in calcification score within the femoral arteries (upper half) and within
the crural arteries (lower half) with coronary arterial calcification (CAC) categories

Coronary*
T2 (medium) T3 (high)
P
n OR 95% CI Pvalue OR 95% CI value
Femoralt Model 1F 381 1.19 1.07 to 1.33 0.002 1.24 1.11t0 1.38 <0.001
Model 2§ 381 1.18 1.06 to 1.31 0.003 1.23 1.11t0 1.37 <0.001
Model 39 381 1.17 1.05 to 1.31 0.004 1.23 1.09 to 1.37 <0.001
Cruralt Model 1% 393 1.27 1.10to 1.47 0.001 1.30 1.12 to 1.50 0.001
Model 2§ 393 1.26 1.09to 1.45 0.002 1.29 1.11to 1.49 0.001
Model 39 393 1.25 1.08 to 1.44 0.002 1.28 1.11to0 1.47 0.001

*The reference is T1 (low).
tPer increase of 100 units in calcification score.

FAdjusted for age (years), sex (male/female) and cohort (SMART/DCS).

§Adijusted for model 1+smoking status (current/former/never) and body mass index (kg/m?).
Y/Adjusted for model 2+diabetes mellitus type 2 (yes/no), hypertension (yes/no), hyperlipidemia (yes/no) and estimated glomerular filtration

rate (mL/min/1.73 m?).

DCS, Diabetes Care System; SMART, Second Manifestations of ARTerial Disease; T, tertile.

CI2.03 to 12.80, p=0.001) in model 3, respectively. When
comparing tertile 2 with tertile 1, only the association for
IAC remained significant (OR=2.35; 95% CI 1.05 to 5.29,
p=0.038), whereas this was statistically insignificant for
MAC (OR=1.54; 95% CI 0.63 to 3.74, p=0.339). Again,
effect estimates were stronger for IAC compared with
MAC. The Hosmer-Lemeshow p value was 0.235 and the
McFadden’s R* was 0.250, again indicating a good fit.

No effect modification by sex, smoking status, manifest
CVD, history of diabetes, use of antihypertensive medica-
tion and use of lipid-lowering medication was observed
(data not shown).

Correlations between femoral, crural and coronary
calcification scores

The Spearman’s rank-order correlation test showed that
femoral calcification score was strongly correlated with
CAC score (r=0.627; p<0.001) and with crural calcifica-
tion score (r=0.758; p<0.001). Moreover, crural calci-
fication score was positively associated with CAC score
(r=0.575; p<0.001). The corresponding two-way scatter-
plots are shown in online supplemental figure 1.

Correlation between femoral calcification pattern and crural
calcification pattern

The Cramér’s V test showed that femoral calcification
pattern was strongly correlated with crural calcification
pattern. The corresponding Cramér’s V was 0.517.

Replication analysis

According to the Early-HFpEF data, every 100-point
increase in femoral calcification score was significantly
associated with 1.04 (95% CI 1.02 to 1.06, p<0.001) and
1.07 (95% CI 1.05 to 1.09, p<0.001) times higher odds of
having a CAC score within second and third tertile versus
first tertile (online supplemental table 2: model 1).

Similarly, every 100-point increase in crural calcification
score was significantly associated with 1.07 (95% CI 1.02
to 1.11, p=0.003) and 1.09 (95% CI 1.04 to 1.14, p<0.001)
times higher odds of having a CAC score within second
and third tertile versus first tertile (online supplemental
table 2: model 1). Similar to the ARTEMIS data, these
associations were stronger within the crural compared
with the femoral arteries.

Having an IAC or an MAC pattern in the femoral arteries
was significantly associated with higher odds of having a
CAC score within tertile 3 versus tertile 1 (OR=6.26; 95%
CI 3.02 to 12.97, p<0.001; OR=3,45, 95% CI 1.81 to 6.56,
p<0.001), respectively (online supplemental table 3:
model 1). These effect estimates were weaker, although
still statistically significant, when comparing IAC and
MAC in tertile 2 (medium) with tertile 1. Similar associa-
tions were observed in the crural arteries. The presence
of an IAC or an MAC pattern in the crural arteries was
significantly associated with higher odds of having a CAC
score within tertile 3 versus tertile 1 (OR=13.41; 95% CI
4.30 to 41.84, p<0.001; OR=2.68, 95% CI 1.36 to 5.28,
p=0.005), respectively. When comparing tertile 2 with
tertile 1, only the association for IAC remained signifi-
cant (OR=4.65; 95% CI 1.50 to 14.41, p=0.008), whereas
this was statistically insignificant for MAC (OR=0.78; 95%
CI 0.40 to 1.54, p=0.479). Similar to the ARTEMIS data,
effect estimates were stronger for IAC compared with
MAC.

DISCUSSION

Main findings

This study showed that increased calcification in both the
femoral and crural arteries was associated with increased
CAC, with the association appearing stronger within the
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Table 4 Associations between calcification pattern (IAC, MAC, absent/indistinguishable) within the femoral and crural

arteries with coronary arterial calcification (CAC) categories

Coronary*
T2 (medium) T3 (high)
P

n OR 95% CI Pvalue OR 95% CI value
Femoralt IAC Model 1f 378 4.30 2.06 to0 8.93 <0.001 9.15 3.79 t0 22.06 <0.001
Model 2§ 378 3.78 1.76 to0 8.09 0.001 9.88 3.94 t0 24.76 <0.001
Model 39 378 4.14 1.89t0 9.05 <0.001 10.81 4.23 to 27.62 <0.001
MAC Model 1f 378 3.44 1.54 t0 7.68 0.003 9.21 3.63 to 23.36 <0.001
Model 2§ 378 3.90 1.70t0 8.96 0.001 9.22 3.58 t0 23.72 <0.001
Model 39 378 4.51 1.91to 0.001 10.37 3.92 to 27.38 <0.001

10.64

IAC vs MAC Model 1f 378 1.25 0.53t02.96 0.610 0.99 0.42 to 2.37 0.987

Model 2§ 378 0.97 0.38t02.44 0.944 1.07 0.42 to 2.74 0.886

Model 39 378 0.92 0.36 t0 2.36 0.858 1.04 0.40t0 2.73 0.932
Cruralt IAC Model 1f 378 2.65 1.21t05.77 0.014 6.62 2.79t0 15.68 <0.001
Model 2§ 378 2.42 1.09 to 5.36 0.029 6.91 2.86 to 16.71 <0.001
Model 39 378 2.35 1.05t0 5.29 0.038 6.70 2.73 10 16.43 <0.001

MAC Model 1F 378 1.27 0.54 t0 3.00 0.585 4.72 1.92 to 11.56 0.001

Model 2§ 378 1.43 0.60to 3.42 0.426 4.60 1.86to 11.35 0.001

Model 39 378 1.54 0.63to 3.74 0.339 5.10 2.03t0 12.80 0.001

IAC vs MAC Model 11 378 2.08 0.77 t0 5.60 0.146 1.40 0.53 t0 3.70 0.493

Model 2§ 378 1.70 0.61t04.70 0.310 1.50 0.55t0 4.10 0.425

Model 39 378 1.53 0.54 to 4.29 0.421 1.31 0.47 to 3.65 0.600

*The reference is T1 (low).
1The reference is ‘absent/indistinguishable’.

FAdjusted for age (years), sex (male/female), cohort (SMART/DCS), femoral Agatston score (unitless) and crural Agatston score (unitless).
§Adjusted for model 1+smoking status (current/former/never) and body mass index (kg/m?).
YAdjusted for model 2+diabetes mellitus type 2 (yes/no), hypertension (yes/no), hyperlipidemia (yes/no) and estimated glomerular filtration

rate (mL/min/1.73 m?).

DCS, Diabetes Care System; IAC, intimal arterial calcification; MAC, medial arterial calcification; SMART, Second Manifestations of ARTerial

Disease; T, tertile.

crural versus femoral arteries. Moreover, the presence of
eitheradominantIAC pattern or adominant MAC pattern
in the femoral arteries and crural arteries was associated
with increased CAC, independently of concomitant calci-
fication score, with associations appearing stronger for
IAC compared with MAC.

Comparison with previous literature

The findings of the association between femoral and
crural calcification score with CAC are partially in
agreement with a previous study conducted by Aly et al.
This research group investigated in patients with CAD
whether calcification score in various arterial beds was
correlated with the Gensini score, which is a measure of
luminal narrowing within the coronary arteries (with a
higher score reflecting more luminal narrowing).” This
study showed that femoral calcification score positively
correlated with Gensini score (r=0.3, p=0.007). However,
the same study showed that there was no significant

correlation between crural calcification score and Gensini
score (r=0.1, p=0.386). Although the study by Aly et al
did not specifically use CAC as outcome, the Gensini
score may be considered a proxy for CAC as these two
variables are found to be strongly correlated and both
variables characterize coronary artery health.!” However,
Aly et al showed that the association between LEAC and
CAC was stronger for the femoral arteries compared with
the crural arteries, whereas within the present study, this
was the opposite. This discrepancy may be attributable
to differences in study populations and data collection
methods.

Moreover, the study findings seem to be corroborated
by a study conducted by Shin et alin patients with PAD.*
This study showed that patients with PAD with single-
vessel or multivessel CAD had significantly more calcifica-
tion in the femoral arteries and crural arteries compared
with individuals with non-significant CAD. Similar to our
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study, the associations were stronger in the crural arteries
compared with the femoral arteries.

In addition, a study by Patsch et alinvestigated whether
crural calcification score correlated with CAC score in
patients with chronic kidney disease treated with hemo-
dialysis.” This study demonstrated that the crural calci-
fication score highly correlated with CAC score (r=0.6,
p<0.001), which was similar to our findings.

Finally, a longitudinal study showed that LEAC was
positively but not significantly associated with CAC over
a period of 6 years.® This study was conducted in patients
with TIDM. However, no distinction was made between
the upper and lower leg.

To our knowledge, this is the first study to examine
the association between the presence of IAC and MAC-
dominant calcification patterns in the lower extremities
with CAC, independently from calcification score in the
lower extremities. Therefore, we cannot compare the
results of these analyses with previous literature. We have
observed that the presence of a dominant IAC (in both
femoral and crural arteries) and dominant MAC (only in
the femoral artery) pattern was associated with increased
CAC, independently of total calcification in these
arteries. One study by Lilly et al showed that an elevated
ankle-brachial index (>1.4), as a proxy for MAC, was
associated with higher CAC in individuals with T2DM."®
However, the study by Hoek et al showed that an elevated
ankle-brachial index is associated with MAC but cannot
be used as a proxy for the presence of MAC in a group
of individuals at high risk of CVD." Nevertheless, the
current study implies that either the presence of IAC or
MAC within the femoral and crural arteries is associated
with increased CAC after calcification score has been
taken into account. We have observed that the associa-
tion between calcification pattern with CAC was slightly
stronger for IAC compared with MAC, which seems to be
corroborated by the fact that the coronary arteries show
a dominant IAC pattern.”’

Relevance

Results of this study may be useful in the search for new
markers of CVD. Arterial calcification is often present
in early stages of atherogenesis®’ and may thus pose as
an early marker of atherosclerotic outcomes within the
coronary arteries.” The study results imply that calcifica-
tions within the femoral arteries and crural arteries may
act as a marker of increased CAC and thus an increased
risk of coronary events. Moreover, the study results imply
that the presence of a dominant IAC pattern in the upper
and lower leg and a dominant MAC pattern in the upper
leg may be indicative of increased CAC. Future research
should point out whether there is indeed a causal asso-
ciation between calcifications in these two arterial beds
and whether the assessment of LEAC is a valid tool for
predicting CAC. In such instance, data obtained from CT
scans of the lower extremities may provide vital informa-
tion on CAC without subjecting the individual to addi-
tional testing. The results could, in addition to systemic

atherosclerosis burden, also be explained by variation
between persons in their tendency to calcify. Results from
a study by Eelderink et al suggest that some individuals
have a high tendency to calcify both in the intima and
the media and in multiple vascular beds beyond athero-
sclerosis burden.*®

Strengths and limitations

This study has several strengths. To start, this study had
a large sample size of individuals with or at high risk of
CVD. Another strength of the study was the measure-
ment of calcification pattern and calcification score
within the same population, which is rare in studies on
arterial calcification. Moreover, we used a Cl-guided
scoring algorithm to characterize dominant calcification
patterns, which was histologically validated in the femoral
and crural arteries. Finally, there were comprehensive
data on confounders (0.5% missing) and replication in
an independent population.

This study also has limitations. First, this study used
cross-sectional data, which provide no evidence for poten-
tial causal associations. Due to logistic reasons, 313 out of
the 718 individuals in the ARTEMIS Study did not receive
an HR-qCT scan of the coronary arteries, which limited
the power for the analyses. Moreover, LEAC score data
were missing in 25 individuals out of 405 with CAC data
(6%), mostly attributable to insufficient quality of the
scans (due to technical issues or scatter caused by pros-
theses), and data on reliability of the available LEAC score
data were unknown. However, the low amount of missing
data (6% of calcification data; 0.5% on confounder data)
makes selection bias minimal. Finally, history of manifest
CVD was selfreported along with smoking status and
medication use. This data collection method is subjec-
tive to recall bias and social desirability bias. As such, true
prevalences of these characteristics may be higher than
observed.

CONCLUSION

In conclusion, this study showed that increased femoral
and crural calcification were associated with higher CAC.
Moreover, the presence of intimal or medial calcification
patterns in the femoral arteries and the presence of an
intimal calcification pattern in the crural arteries were
associated with higher CAC, independently of calcifica-
tion scores within these arteries. It appears that arterial
calcification is a systemic process which is reflected by
simultaneous calcification in various arterial beds. Addi-
tional research focusing on causality and the diagnostic
importance of this association is warranted to establish
the exact role of arterial calcifications within the lower
extremities with regard to coronary calcification burden.

Author affiliations

'Epidemiology & Data Science, Amsterdam UMC Locatie VUmc, Amsterdam, The
Netherlands

*Amsterdam Cardiovascular Sciences Research Institute, Amsterdam, The
Netherlands

BMJ Open Diab Res Care 2024;12:¢003811. doi:10.1136/bmjdrc-2023-003811

1ybuAdoo Ag paroalold
“Areaq Ansisniun 1yosan e $20z ‘6z Areniga- uo /wod fwig-oipy/:diy woly papeojumod 20z Arenigad 8 uo TT8E00-£202-24PIWa/9ETT 0T Sk paysiignd 1s11y :81e) say gelg uado NG


http://drc.bmj.com/

Cardiovascular and metabolic risk a

SAmsterdam Public Health Research Institute, Amsterdam, The Netherlands
4Radiol0gy, Dijklander Hospital, Hoorn, The Netherlands

SDepartment of General Practice, Amsterdam UMC — Locatie AMC, Amsterdam, The
Netherlands

SRadiology, UMC Utrecht, Utrecht, The Netherlands

TJulius Centre for Health Sciences and Primary Care, University Medical Centre
Utrecht, Utrecht, The Netherlands

8UMC Utrecht, Utrecht, The Netherlands

Acknowledgements We gratefully acknowledge the contribution of the Utrecht
Cardiovascular Cohort-Second Manifestations of ARTerial Disease Study group
(UCC-SMART Study group): MJ Cramer, HM Nathoe and MG van der Meer (co-

Pl), Department of Cardiology; GJ de Borst and M Teraa (co-Pl), Department of
Vascular Surgery; ML Bots and M van Smeden, Julius Center for Health Sciences
and Primary Care; MH Emmelot-Vonk, Department of Geriatrics; PA de Jong,
Department of Radiology; AT Lely, Department of Gynaecology and Obstetrics; NP
van der Kaaij, Department of Cardiothoracic Surgery; LJ Kappelle and YM Ruigrok,
Department of Neurology; MC Verhaar, Department of Nephrology & Hypertension;
JAN Dorresteijn (co-Pl) and FLJ Visseren (Pl), Department of Vascular Medicine,
UMC Utrecht, University Medical Centre Utrecht and Utrecht University. Finally, we
want to thank S Fekecs, TT Wong, | Oughzou and ML Romero Prats (Department of
Epidemiology & Data Science, Amsterdam UMC) for their help in data collection on
calcification within the Early-HFpEF Study.

Collaborators Utrecht Cardiovascular Cohort-Second Manifestations of ARTerial
Disease Study group (UCC-SMART Study group): MJ Cramer, HM Nathoe, MG van
der Meer, GJ de Borst, M Teraa, ML Bots, M van Smeden, MH Emmelot-Vonk, PA
de Jong, AT Lely, NP van der Kaaij, LJ Kappelle, YM Ruigrok, MC Verhaar, JAN
Dorresteijn, FLJ Visseren.

Contributors RM contributed to conception and design, data analysis and
interpretation, drafted the manuscript and critically revised it. PAdJ, PJME and JB
contributed to conception and design, acquisition, data analysis and interpretation
and critically revised the manuscript. AGH and EJB contributed to conception and
design and acquisition, and critically revised the manuscript. TD contributed to
conception and acquisition. In order to ensure integrity and accuracy, all authors
gave final approval and agreed to be accountable for all aspects of this work. JB is
guarantor of this work.

Funding JB is supported by a ZonMw NWO-Vidi grant (91718304).
Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study involves human participants. The cross-sectional
ARTEMIS Study was approved by the medical ethics review board of the University
Medical Centre Utrecht (14/444). All participants provided written informed consent
before participation in the ARTEMIS Study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The
informed consent that was signed by the study participants is not compliant

with publishing individual data in an open-access institutional repository or as
supporting information files with the published paper. However, a data request can
be sent to the SMART Steering Committee at uccdatarequest@umcutrecht.nl.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Romain Meer http://orcid.org/0000-0002-4924-4458
Joline Beulens http://orcid.org/0000-0002-6788-5232

REFERENCES

1 Rennenberg RUIMW, Kessels AGH, Schurgers LJ, et al. Vascular
calcifications as a marker of increased cardiovascular risk: a meta-
analysis. Vasc Health Risk Manag 2009;5:185-97.

2 Rocha-Singh KJ, Zeller T, Jaff MR. Peripheral arterial calcification:
prevalence, mechanism, detection, and clinical implications.
Catheter Cardiovasc Interv 2014;83:E212-20.

3 Lanzer P, Hannan FM, Lanzer JD, et al. Medial Arterial Calcification.
Journal of the American College of Cardiology 2021;78:1145-65.

4 Shin HS, Jung Park M, Nyeo Jeon K, et al. Lower Extremity Arterial
Calcification as a Predictor of Coronary Atherosclerosis in Patients
with Peripheral Arterial Disease. Iran J Radiol 2016;13:e33179.

5 Patsch JM, Zulliger MA, Vilayphou N, et al. Quantification of lower
leg arterial calcifications by high-resolution peripheral quantitative
computed tomography. Bone 2014;58:42-7.

6 Costacou T, Huskey ND, Edmundowicz D, et al. Lower-extremity
arterial calcification as a correlate of coronary artery calcification.
Metabolism 2006;55:1689-96.

7 Aly GSG, Kassem HH, Hashad A, et al. Lower extremity arterial
calcifications assessed by multislice CT as a correlate to coronary
artery disease. Egypt J Radiol Nucl Med 2020;51.

8 Zwakenberg SR, de Jong PA, Hendriks EJ, et al. Intimal and medial
calcification in relation to cardiovascular risk factors. PLoS ONE
2020;15:e0235228.

9 van der Heijden AA, Rauh SP, Dekker JM, et al. The Hoorn Diabetes
Care System (DCS) cohort. A prospective cohort of persons with
type 2 diabetes treated in primary care in the Netherlands. BMJ
Open 2017;7:e015599.

10 Simons PC, Algra A, van de Laak MF, et al. Second manifestations
of ARTerial disease (SMART) study: rationale and design. Eur J
Epidemiol 1999;15:773-81.

11 Castelijns MC, Helmink MAG, Hageman SHJ, et al. Cohort profile:
the Utrecht Cardiovascular Cohort-Second Manifestations of Arterial
Disease (UCC-SMART) Study-an ongoing prospective cohort study
of patients at high cardiovascular risk in the Netherlands. BMJ Open
2023;13:e066952.

12 Bartstra JW, Draaisma F, Zwakenberg SR, et al. Six months vitamin
K treatment does not affect systemic arterial calcification or bone
mineral density in diabetes mellitus 2. Eur J Nutr 2021;60:1691-9.

13 Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification of
coronary artery calcium using ultrafast computed tomography. J Am
Coll Cardiol 1990;15:827-32.

14 Kockelkoren R, Vos A, Van Hecke W, et al. Computed Tomographic
Distinction of Intimal and Medial Calcification in the Intracranial
Internal Carotid Artery. PLoS One 2017;12:e0168360.

15 Vos A, Vink A, Kockelkoren R, et al. Radiography and Computed
Tomography Detection of Intimal and Medial Calcifications in Leg
Arteries in Comparison to Histology. J Pers Med 2022;12:711.

16 Levey AS, Stevens LA, Schmid CH, et al. A New Equation to
Estimate Glomerular Filtration Rate. Ann Intern Med 2009;150:604.

17 Gokdeniz T, Kalaycioglu E, Aykan AG, et al. Value of coronary artery
calcium score to predict severity or complexity of coronary artery
disease. Arq Bras Cardiol 2014;102:120-7.

18 Lilly SM, Qasim AN, Mulvey CK, et al. Non-compressible arterial
disease and the risk of coronary calcification in type-2 diabetes.
Atherosclerosis 2013;230:17-22.

19 Hoek AG, Zwakenberg SR, Elders PJM, et al. An elevated ankle-
brachial index is not a valid proxy for peripheral medial arterial
calcification. Atherosclerosis 2021;323:13-9.

20 Andrews J, Psaltis PJ, Bartolo BAD, et al. Coronary arterial
calcification: A review of mechanisms, promoters and imaging.
Trends Cardiovasc Med 2018;28:491-501.

21 Konijn LCD, van Overhagen H, Takx RAP, et al. CT calcification
patterns of peripheral arteries in patients without known peripheral
arterial disease. Eur J Radliol 2020;128:108973.

22 Eelderink C, Te Velde-Keyzer CA, Frenay A-RS, et al. Serum
Calcification Propensity and the Risk of Cardiovascular and All-
Cause Mortality in the General Population: The PREVEND Study.
Arterioscler Thromb Vasc Biol 2020;40:1942-51.

10

BMJ Open Diab Res Care 2024;12:¢003811. doi:10.1136/bmjdrc-2023-003811

1ybuAdoo Ag paroalold
“Areaq Ansisniun 1yosan e $20z ‘6z Areniga- uo /wod fwig-oipy/:diy woly papeojumod 20z Arenigad 8 uo TT8E00-£202-24PIWa/9ETT 0T Sk paysiignd 1s11y :81e) say gelg uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4924-4458
http://orcid.org/0000-0002-6788-5232
http://dx.doi.org/10.2147/vhrm.s4822
http://dx.doi.org/10.1002/ccd.25387
http://dx.doi.org/10.1016/j.jacc.2021.06.049
http://dx.doi.org/10.5812/iranjradiol.33179
http://dx.doi.org/10.1016/j.bone.2013.08.006
http://dx.doi.org/10.1016/j.metabol.2006.08.012
http://dx.doi.org/10.1186/s43055-020-00176-4
http://dx.doi.org/10.1371/journal.pone.0235228
http://dx.doi.org/10.1136/bmjopen-2016-015599
http://dx.doi.org/10.1136/bmjopen-2016-015599
http://dx.doi.org/10.1023/a:1007621514757
http://dx.doi.org/10.1023/a:1007621514757
http://dx.doi.org/10.1136/bmjopen-2022-066952
http://dx.doi.org/10.1007/s00394-020-02412-z
http://dx.doi.org/10.1016/0735-1097(90)90282-t
http://dx.doi.org/10.1016/0735-1097(90)90282-t
http://dx.doi.org/10.1371/journal.pone.0168360
http://dx.doi.org/10.3390/jpm12050711
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://dx.doi.org/10.5935/abc.20130241
http://dx.doi.org/10.1016/j.atherosclerosis.2013.06.004
http://dx.doi.org/10.1016/j.atherosclerosis.2021.03.010
http://dx.doi.org/10.1016/j.tcm.2018.04.007
http://dx.doi.org/10.1016/j.ejrad.2020.108973
http://dx.doi.org/10.1161/ATVBAHA.120.314187
http://drc.bmj.com/

	Association between lower extremity arterial calcification and coronary arterial calcification in a population at increased risk of cardiovascular disease
	Abstract
	Background﻿﻿
	﻿﻿Materials and methods﻿﻿﻿﻿
	Study population and design
	Measurement of calcification score
	Measurement of calcification pattern
	Covariates
	Biochemical measurements
	Statistical analysis

	Results
	﻿Baseline and calcification characteristics﻿
	Association between femoral and crural calcification scores with CAC score
	Association between femoral and crural calcification patterns with CAC score
	Correlations between femoral, crural and coronary calcification scores
	Correlation between femoral calcification pattern and crural calcification pattern
	Replication analysis

	Discussion
	Main findings
	Comparison with previous literature
	Relevance
	Strengths and limitations

	Conclusion
	References


