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Abstract

Background and aims: Abdominal aortic calcification (AAC) and low ankle-brachial index
(ABI) are markers of multisite atherosclerosis. We sought to estimate their associations in older
men with health care costs and utilization adjusted for each other, and after accounting for CVD
risk factors and prevalent CVD diagnoses.

Methods: This was an observational cohort study of 2393 community-dwelling men (mean age
73.6 years) enrolled in the Osteoporotic Fractures in Men (MrQOS) study and U.S. Medicare Fee
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for Service (FFS). AAC was scored on baseline lateral lumbar spine x-rays using a 24-point scale.
ABI was measured as the lowest ratio of arm to right or left ankle blood pressure. Health care
costs, hospital stays, and SNF stays were identified from Medicare FFS claims over 36 months
following the baseline visit.

Results: Men with AAC score =9 (n=519 [21.7% of analytic cohort]) had higher annualized total
health care costs of $1473 (95% C.1. 293, 2654, 2017 U.S. dollars) compared to those with AAC
score 0-1, after multivariable adjustment. Men with ABI <0.90 (n=154 [6.4% of analytic cohort])
had higher annualized total health care costs of $2705 (95% CI 634, 4776) compared to men with
normal ABI (=0.9 and <1.4), after multivariable adjustment.

Conclusions: High levels of AAC and low ABI in older men are associated with higher
subsequent health care costs, after accounting for clinical CVD risk factors, prevalent CVD
diagnoses, and each other. Further investigations of whether preventing progression of peripheral
vascular disease and calcification reduces subsequent health care costs are warranted.
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INTRODUCTION

Abdominal aortic calcification (AAC) and ankle-brachial index (ABI) are both markers of
subclinical multisite cardiovascular disease (CVD), and have consistently been shown to
predict incident CVD events, 1 including myocardial infarction,’ stroke,® congestive heart
failurel®, CVD hospitalization,}! CVD mortality,1- & 9 and all-cause mortality.8 9 12,13
Individuals with symptomatic peripheral arterial disease have higher health care costs and
utilization,24-16 put no studies have estimated the direct association of low ABI (the majority
of whom are asymptomaticl?) or high AAC with total health care costs. In particular, it is
unclear if AAC and/or ABI predict subsequent total health care costs and utilization after
accounting for CVD risk factors, previous clinical cardiovascular disease diagnoses, and
each other.

ABI can be assessed during clinical encounters, and AAC is often seen coincidentally on
lateral lumbar spine x-rays, 7 abdominal CT scans!® and lateral spine imaging obtained for
other reasons, including densitometric lateral spine images obtained for vertebral fracture
assessment (VFA) at the time of bone densitometry.19: 20 |f the presence of high AAC and/or
low ABI predict subsequent higher health care costs and utilization, that would further
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heighten the clinical relevance of assessment of AAC and ABI to patients, health care
delivery systems, and health care insurers.

Our primary objective was to estimate the associations of AAC (scored semi-quantitatively
on lateral spine radiographs) and ABI with total health care costs, adjusted for each other,
clinical CVD risk factors, and known prevalent clinical CVD. Our secondary objective was
to estimate with the associations of AAC and ABI with all-cause and CVD hospitalizations
and skilled nursing facility (SNF) stays.

MATERIALS AND METHODS

Between 2000 and 2002, the Osteoporotic Fractures in Men (MrQOS) study enrolled 5994
community-dwelling ambulatory men age 65 years and older at six geographic sites in the
United States, as described in previous publications?L: 22, after Institutional Review Board
(IRB) approval at each of the six study sites. Eligible participants were age 65 years or older,
community dwelling, able to walk without assistance, and did not have bilateral hip
arthroplasties. All participants signed informed consent documents. The Centers for
Medicare and Medicare Services approved the linkage to MrOS participants and successful
matches to Medicare were achieved for 5876 (98%) of the men in the cohort.

For these retrospective analyses, men were included if they had baseline lateral lumbar spine
radiographs interpretable for AAC, a valid ABI measurement at the right or left ankle and
were enrolled in Medicare Fee-for-Service parts A and B for three years from the date of
their baseline MrOS visit (or until death within this 3-year period). Those enrolled in
Medicare Advantage (2813 men) were excluded because their healthcare costs and
utilization are not fully observable in available Medicare Claims Data. The final analytic
cohort consisted of 2393 men (Supplemental Figure 1). Those excluded because of Medicare
Advantage enrollment had slightly lower ABI, higher systolic blood pressure, higher LDL
cholesterol, were slightly younger, and slightly less likely to have had a prior myocardial
infarction or stroke, but the magnitude of these differences was very small and unlikely to be
clinically relevant (Supplemental Table 1).

Measurement of Abdominal Aortic Calcification (AAC) and Ankle-Brachial Index (ABI)

Lumbar lateral spine digitized radiographs were obtained at the baseline MrOS visit for all
5994 study participants and could be accurately scored for AAC in 5400 men (90%). AAC
was scored using the Framingham 24-point semi-quantitative scale by an expert reader (PS)
(Figure 1). A second reader (JTS) read 40 lateral spine radiographs to assess inter-rater
reliability. Intra-rater and inter-rater reliability were both very high (intraclass correlation
coefficients of 0.98 [95% CI 0.88-0.97] and 0.94 [95% CI 0.88-0.97]).23

ABI was measured as described in a prior publication.24 Systolic blood pressure was
measured in each arm once, and the average of the 2 measurements was obtained. Systolic
blood pressure was measured twice in each foot, and an average was taken of the 2 readings
from each foot. From this, an ABI was obtained for each leg, and we used the lowest of
these measurements.
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Other covariates

Height was measured with a Harpenden stadiometer, weight recorded with a balance beam
or electronic scale, and body mass index calculated as weight (kg) divided by height squared
(m?) at the MrOS baseline visit. Participants were asked about smoking status, current
medication use including aspirin, statin and antihypertensive medications, and whether they
had been diagnosed previously by a physician with angina, a myocardial infarction, stroke,
atrial fibrillation, congestive heart failure, and/or diabetes mellitus. Systolic blood pressure
was measured in the right arm twice with the participant sitting and averaged. Serum
creatinine, HDL and LDL cholesterol were measured using Roche COBAS Integra 800
automated analyzer (Roche Diagnostics Corporation, Indianapolis, IN), with coefficients of
variation, respectively, of 5.3%, 2.4% and 3.2%. Estimated glomerular filtration rate (eGFR)
was calculated using the CKD-EPI formula.2®

Health care costs and utilization after baseline visit

Our primary outcome variable was annualized total health care costs for the 36 months after
the baseline MrQS visit (or until death for the 127 men [5.3%] who died before the three-
year anniversary of the baseline exam). Total health care costs, a measure of overall health
burden, were calculated as the sum of costs for hospital stays, SNF stays paid under
Medicare part A, inpatient rehabilitation facility (IRF) stays, outpatient care (including
diagnostic and therapeutic procedures), and home health care. All hospital stays, SNF stays,
and IRF stays during that year were identified in the Medical Provider Analysis and Review
(MedPAR) file. CVD-related hospitalizations were those with a primary or secondary
discharge diagnosis of coronary heart disease (ICD-9 codes 414.xx), congestive heart failure
(ICD-9 codes 398.91, 428.0), myocardial infarction (ICD-9 codes 410.xx, 412, 429.7x) or
cerebrovascular accident (stroke) (ICD-9 codes 433.xx, 434.xx). Standardized costs for
hospital stays, SNF stays, and IRF stays were estimated using previously published and
validated methods.26-28 Health care costs were adjusted for health care cost inflation to U.S.
2017 dollars, using previously published methods.26

Statistical analysis

AAC was strongly right skewed and categorized as a four-level ordinal variable (AAC 24-
point score 0-1; 2-4; 5-8; and =9) as described in a previous publication, with AAC 0 to 1
being the reference category.23 We modeled ABI as a categorical variable, defining the
lowest category of ABI as <0.90 (154/2393, 6.4%), an established ABI cut point defining
hemodynamically significant peripheral arterial disease for epidemiological studies.

17,24, 29,30 \\e defined the highest category of ABI as >1.40, since ABI values at or above
this threshold also are associated with higher subsequent mortality.8 9 ABI =0.9 and <1.4
was the normal reference category.

We used generalized linear models to estimate the associations of AAC with annualized total
health care costs. Based on Modified Park3! and Pregibon link32 tests, we chose a log link
and gamma distribution for these regression models in order to account for the right skewed
distribution of health care costs and assure well-specified models. Logistic models were
used to estimate the associations of AAC with risks of all-cause hospitalization, CVD
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hospitalization, and SNF stays (one or more episodes) during the three years following the
baseline MrOS visit.

Base models were adjusted for age and study enrollment site. A second set of models also
adjusted for race, education, systolic blood pressure, HDL cholesterol, LDL cholesterol,
triglycerides, creatinine clearance, smoking status, angina, prior myocardial infarction, prior
stroke, congestive heart failure, diabetes mellitus, and chronic kidney disease (CKD, eGFR<
60 ml/min).

All these models were performed again with ABI as the primary predictor variable in place
of AAC (reference category ABI 20.9 and <1.4). To assess if the associations of AAC and
ABI with health care costs and utilization were independent of each other, final
multivariable models for all three outcomes (total health care costs, acute hospital stays, and
SNF stays) included both AAC and ABI as predictors. Secondary analyses were done
estimating the associations of AAC and ABI with total health care costs, hospital stays, and
SNF stays excluding the 653 men who reported clinical cardiovascular disease (angina, prior
myocardial infarction, prior stroke, prior congestive heart failure) at baseline. Sensitivity
analyses were also run excluding the 127 men who died during the three-year follow-up
period.

At baseline, men with higher levels of AAC were more likely to be older, have higher
systolic blood pressure, lower HDL cholesterol and higher triglycerides, lower ABI values,
to have a creatinine clearance <60 ml/min, and to have had previous diagnoses of angina,
myocardial infarction, stroke, congestive heart failure, or diabetes mellitus. (Table 1).
Similar differences in baseline characteristics were also noted across levels of ABI
(Supplemental Table 2). Five hundred nineteen (21.9%) had an AAC level of 9 or higher and
154 (6.4%) had an ABI< 0.9, with modest overlap between them; 46.8% of men with an
ABI < 0.9 had an AAC score of 9 or higher, and conversely 13.9% of men with an AAC
score of 9 or higher also had an ABI < 0.9. A higher proportion of men died before the end
of the three-year follow-up period among those with an AAC =9 (8.1%) compared to those
with an AAC score of 0-1 (3.4%, p-value <0.001). Similarly, a higher proportion of men
died before end of the follow-up period among those with an ABI <0.9 (13.0%) and those
with an ABI =1.4 (10.1%) compared to those with ABI 20.9 and < 1.4 (4.5%), p-value
<0.001). Over the three-year follow-up period, 955 men (39.9%) had a hospital stay for any
cause, 490 (20.5%) had a hospital stay for a CVD diagnosis, and 135 men (5.6%) had a SNF
stay.

Associations of AAC level with health care costs and utilization

Unadjusted for other covariates, annualized median total health care costs in the 36 months
after baseline increased in a graded manner with higher AAC from $2199 (interquartile
range [IQR] 961 to 6017) for those with low or minimal AAC (24-point scale score 0-1) to
$4796 (IQR 1675 to 11466) for those with a very high burden of AAC (24-point scale score
9 or higher, Table 2). Similarly, the proportions with one or more hospital stays and with one
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or more post-acute SNF stays over the three-year follow-up period all rose with increasing
level of AAC.

Adjusted for age and study enrollment site, an AAC score level of 9 or higher was associated
with significantly greater total health care costs compared to an AAC score level of only 0-1
(incremental cost $2745, 95% CI1 1484 to 4006, Table 3). This association was attenuated but
remained significant (incremental cost $1473 (95% C.I. 293, 2654) after additional
adjustment for CVD clinical risk factors, known prevalent CVD disease, presence of CKD,
and ABI level. After full multivariable adjustment, an AAC score of 9 or higher was also
associated with increased odds ratios (OR) of all-cause hospital stays (OR 1.47, 95% CI 1.12
to 1.94), hospital stays for CVD (OR 2.06, 95% CI 1.45 to 2.93), and post-acute SNF stays
(OR 2.44, 95% CI 1.29 to 4.62) over the three-year follow-up period. Excluding the 127
men who died within the three-year follow-up period did not alter these results (data not
shown). The strength of associations of an AAC score of 9 or higher with all four health care
utilization outcomes were similar to those seen with prevalent angina, congestive heart
failure, diabetes mellitus, and chronic kidney disease (Supplemental Table €3).

When analyses were limited to the 1740 men with no known clinical cardiovascular disease
at baseline, the fully adjusted association of AAC score =9 with total health care costs was
very similar, but of borderline significance. The associations of AAC score =9 with all-cause
and CVD hospital stays, and SNF stays remained strong and statistically significant
(Supplemental Table e4). However, when analyses were limited to the 1526 men with
neither a prevalent CVVD diagnosis at baseline nor an incident CVD hospital stay during the
three-year follow-up period, the associations of AAC with all four health care utilization
outcomes were substantially attenuated and no longer significant (Supplemental Table e5).

Associations of ABI level with health care costs and utilization

Unadjusted for other covariates, annualized total health care costs were lowest for those with
an ABI =2 0.9 and <1.4 (median $2908, IQR 1132 to 7879), slightly higher for those with
ABI >1.4 (median $3126, IQR 1456 to 9216), and highest for those with ABI <0.9 (median
$6917, IQR 2240 to 17294). Compared to those with an ABI =0.9 and <1.4, the proportions
of those with one or more hospitalizations and with one or more post-acute SNF stays were
similar for those ABI >1.4, but were substantially higher for those with an ABI <0.9 (Table
2).

Adjusted for age and study enrollment site, an ABI less than 0.9 was associated with a
higher total health care costs (incremental cost $4318, 95% CI 1811 to 6826, Table 4),
compared with the reference category (ABI = 0.9 and <1.4). This association remained
significant (incremental cost $2705, 95% CI 634 to 4776) after additional adjustment for
clinical CVD risk factors, prevalent CVD diagnoses, presence of CKD, and AAC score
category. Compared with the reference category, after full multivariable adjustment, ABI
<0.90 was also associated with all-cause hospital stays (OR 1.65, 95% CI 1.14 to 2.40),
CVD hospital stays (OR 2.24, 95% CI 1.51 to 3.32), and post-acute SNF stays (OR 1.86,
95% CI 1.07 to 3.22). In contrast, an ABI >1.4 was not associated with total health care
costs, hospital stays, or SNF stays. Excluding the 127 men who died within the three-year
follow-up period did not alter these results (data not shown). The strength of associations of
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ABI<0.9 with all four health care utilization outcomes were similar to those seen with prior
myocardial infarction and prior stroke, and greater than those seen with prevalent angina,
congestive heart failure, diabetes mellitus, and chronic kidney disease (Supplemental Table
e3).

When analyses were limited to the 1740 with no known clinical cardiovascular disease at
baseline, the fully adjusted association of ABI <0.9 with total health care costs was very
similar to what was found in the full sample (Supplemental Table e6). The associations of
ABI <0.9 with all-cause and CVD hospital stays, and SNF stays remained strong and
statistically significant. When analyses were limited to the 1526 men with neither a
prevalent CVD diagnosis at baseline nor an incident CVD hospital stay during the three-year
follow-up period, the associations of low ABI with all four health care utilization outcomes
were substantially attenuated and no longer significant (Supplemental Table e7).

DISCUSSION

In this cohort of older men, a high level of AAC and a low ABI level were each associated
with higher subsequent total health care costs, increased risks of all-cause and CVD
hospitalization, and higher risk of SNF stays, even after adjustment for clinical CVD risk
factors, known prevalent CVD, and each other. The increased risk of subsequent C\VD
hospitalization associated with both factors remained when excluding those with previously
diagnosed CVD.

These findings suggest that ABI and AAC can could be used to identify different (albeit
overlapping) subsets of those with an increased burden of atherosclerosis that leads to overt
clinically evident CVD events, and higher health care costs and utilization. In fact, high
AAC and low ABI were no longer significantly associated with all four health care
utilization outcomes when those men who had an incident CVD hospitalization over the
three-year follow-up period were excluded. Hence, it appears that the higher costs and
utilization associated with high AAC and low ABI are largely attributable to subsequent
CVD events that might be preventable through more aggressive treatment of modifiable
CVD risk factors.

Our findings are consistent with previous studies that have shown that high AAC and low
ABI predict incident CVD events (that would incur health care costs and utilization) after
accounting for clinical CVD risk factors and known prevalent CVD. Both AAC and ABI
also predict non-CVD mortality33 34 and other non-CVD morbidity associated with higher
health care costs such as hip and other fractures.23: 35. 36

A high ABI >1.4 has also been associated with subsequent all-cause and CVD mortality.8: °
We did not find any association of high ABI with total health care costs, all-cause or CVD
hospitalizations, or SNF utilization, but our power to find significant associations of high
ABI with health care costs and utilization was limited.

Previous cost-effectiveness analyses have suggested that measurement of ABI in
asymptomatic individuals is cost effective3”: 38, particularly when screening those with
additional risk factors such as smoking.3° To date, no modeling studies of the cost-
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effectiveness of screening for AAC have been published. Screening for ABI has the
advantage over screening for AAC that an imaging study is not required. However, imaging
studies obtained in clinical practice obtained for other reasons, including abdominal CT
scans, lateral spine radiographs, and lateral spine images obtained as part of bone density
tests#0 (which are indicated at least once in all women age 65 or older,* and in some men
age 70 and older#2) afford opportunistic detection of AAC in many older individuals in
clinical practice. While no study has directly compared how well AAC scored on one of
these imaging modalities predict CVD events compared to the others, the strengths of
association of AAC scored on lateral spine radiographs®: 4 6 7 and lateral spine bone density
images!® 33. 43 with incident CVD events are similar. Moreover, AAC may predict incident
stroke and myocardial infarction as well as carotid intimal medial thickness and ABI.5: 7
Additional modeling studies to examine the cost-effectiveness of expanding use of imaging
to screen for AAC are also warranted.

AAC and ABI are not as strongly predictive specifically of coronary heart disease events as
is coronary artery calcification (CAC).3% 44 However, measurement of ABI can be done in
clinical practice inexpensively without the need for additional imaging. AAC predicted CVD
and all-cause mortality in one study as well or better than CAC.3* AAC can be assessed
conveniently at the same time as a bone density test with minimal radiation exposure and
expense (one seventh that of a coronary calcium score, according to the U.S. Medicare Fee
for Service 2019 Fee schedule)*®. Lateral spine radiography to assess AAC is also much less
expensive than measuring CAC.

There is a paucity of evidence that interventions in populations specifically identified on the
basis of asymptomatic low ABI or high AAC reduce incident CVD events.*6 While current
American Heart Association guidelines support screening asymptomatic individuals age =65
years using ABI,*” the U.S. Preventive Services Task Force concluded that there is
insufficient evidence to recommend ABI screening,*8 and the Society for Vascular Surgery
recommends against screening asymptomatic individuals.*® There are no guidelines that
currently support screening for AAC. Hence, randomized controlled trials of screening
regimens for low ABI, high AAC, or both compared to usual practice ultimately may be
required to prove the utility of these screening tools prior to adoption into the clinical
practice setting.

Our study has several strengths. We used a large cohort representative of the broader
population of older community dwelling U.S. men whose phenotypic characteristics have
been extensively described. We used rigorous methods to estimate health care costs and
utilization using U.S. Medicare Fee-for-Service claims data that reflect the true resource
costs required for the health care of these men. We accounted for confounding by CVD
clinical risk factors, prevalent CVD diagnoses, and tested whether or not AAC and/or ABI
predict subsequent health care costs after accounting for each other. To our knowledge, this
is the first study to estimate the joint associations of AAC and ABI with total health care
costs and utilization.

However, our study also has a number of limitations. MrOS enrollees are 90% Caucasian,
and our results may not be generalizable to older women or other ethnic groups. We
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excluded those enrolled in Medicare Advantage, although this is mitigated by close
similarity of the characteristics of MrOS men enrolled in Medicare Fee-for-Service vs
Medicare Advantage. We identified prevalent CVD diagnoses by participant self-report,
which is susceptible to recall bias. We used Medicare claims data to identify incident CVD
hospitalizations, but this is mitigated by the high positive predictive value of claims for
incident CVD events, and the fact that associations of CVD risk factors with incident C\VD
events in claims data are quite similar to these associations when incident CVD events are
detected with gold standard cohort study methods.5% We did not employ statistical
techniques to remove distortions in health care cost estimates from individuals censored due
to death or other reasons,®® but these distortions are highly likely to be minimal since the
number of men who were censored due to death or other reasons were very low. Moreover,
our results were unchanged when analyses were limited to men who were uncensored
through the entire 3-year follow-up period.

In conclusion, among men age 65 and older, a high level of AAC and a low ABI are both
independently associated with higher total health care costs, acute all-cause and CVD
hospital stays, and SNF utilization after accounting for age, clinical CVD risk factors,
prevalent CVD diagnoses, and each other. Additional studies to investigate the clinical utility
and cost-effectiveness of screening programs of older men and women for high AAC and/or
low ABI are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abdominal aortic calcification (AAC) and low ankle-brachial index (ABI) are
markers of multisite atherosclerosis

We estimated their associations subsequent health care costs and utilization
with after accounting for CVD risk factors, prevalent CVD diagnoses, and
each other, in an observational cohort of 2393 older men

Both an AAC 24-point scale score of = 9 and an ABI value of <0.9 were
associated with significantly higher subsequent annualized total health care
costs, after adjustment for each other and multiple other variables.

ABI and AAC identify different (albeit overlapping) subsets of those with
subclinical CVD who are at risk for subsequent high health care costs and
utilization
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Low (AAC24 = 2) High (AAC24 = 11)

Figure 1:
Examples of AAC on lateral spine radiographs (black arrows)
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Table 1:

Patient baseline characteristics (N=2393), stratified by AAC level

Page 15

Characteristic AAC 0-1 AAC 2-4 AAC 5-8 AAC 29 a
N=682 N=649 N=543 N=519 ~ Prvalue

Age, years, mean (SD) 71.3(5.1) 73.2 (5.4) 74.7 (6.0) 76.0 (5.9) <0.001
Race <0.001

Non-White 87 (12.8%) 59 (9.1%) 34 (6.3%) 27 (5.2%)

White 505 (87.2%) 590 (90.9%) 509 (93.7%) 492 (94.8%)
Education 0.11

Less than high school 35 (5.1%) 32 (4.9%) 38 (7.0%) 39 (7.5%)

High school 04 (13.8%) 126 (19.4%) 96 (17.7%) 94 (18.1%)

Some college 152 (22.3%) 138 (21.3%) 117 (21.5%) 109 (21.0%)

>4 years college 401 (58.8%) 353 (54.4%) 292 (53.8%) 277 (53.4%)
Systolic blood pressure, mmHg, mean (SD)  136.5(16.7)  139.6 (19.0)  142.7 (20.9)  143.7 (19.9) <0.001
LDL cholesterol, mg/dl, mean (SD) 114.4 (29.1)  112.3(29.9) 114.1(31.0)  110.1 (30.0) 0.07
HDL cholesterol, mg/dl, mean (SD) 50.1 (15.5) 49.0 (13.5) 475 (14.1) 49.1 (14.9) 0.03
Triglycerides, mg/dl, median 1185 124.0 131.0 132.0 <0.001
(IQR) (84.0,164.5) (91.0,176.0) (97.0,189.0) (90.0, 193.5)
Current smoking (yes/no) 15 (2.2%) 20 (3.1%) 21 (3.9%) 21 (4.0%) 0.24
Angina (yes/no) 54 (7.9%) 80 (12.3%) 77 (14.2%) 108 (20.6%)  <0.001
Prior MI (yes/no) 42 (6.3%)  88(13.9%) 99 (185%)  111(22.2%)  <0.001
Prior stroke (yes/no) 18 (2.6%) 42 (6.5%) 32 (5.9%) 49 (9.4%) <0.001
Congestive heart failure (yes/no) 20 (2.9%) 30 (4.6%) 29 (5.3%) 46 (8.9%) <0.001
Diabetes mellitus (yes/ no) 57 (8.4%) 66 (10.2%) 61 (11.2%) 76 (14.6%) 0.006
Lowest ABI, mean (SD) 1.22(0.15)  1.19(0.15)  1.17(0.18)  1.11(0.20)  <0.001
Chronic kidney disease (€GFR<60 ml/min) 79 (12.5%) 88 (14.4%) 87 (17.6%) 96 (19.7%) 0.005

a . . . - : . .
ANOVA (or non-parametric Kruskal-Wallis test) for continuous variables, chi-square for categorical variables

AAC, abdominal aortic calcification; M1, myocardial infarction; ABI, ankle-brachial index; eGFR, estimated glomerular filtration rate
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Table 2:

Health care utilization after baseline according to AAC level and ABI level

Annualized total health care costs =1 acute hospital =1 SNF

Median (IQR) stay stay
P-Valueb N (%)a N (%)a
AAC Level <0.001
0-1 $2199 (961, 6017) 206 (30.2) 19 (2.8)
2-4 $2955 (1115, 8060) 266 (41.0) 29 (4.5)
5-8 $3239 (1360, 8953) 227 (41.8) 28 (5.2)
>9 $4796 (167, 11466) 256 (49.3) 59 (11.4)
ABI level <0.001
214 $3126 (145, 9216) 35 (35.4) 6 (6.1)
0.90-<14  $2908 (1132, 7879) 828 (38.7) 105 (4.9)
<0.90 $6917 (2240, 17294) 92 (59.7) 24 (15.6)

aOver the 3-year follow-up period.

b . . . ; .
p-value (by Kruskal-Wallis test) for trend of difference in total health care costs across all categories of predictor.

AAC, abdominal aortic calcification; ABI, ankle-brachial index; IQR, interquartile range
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Table 3:

Association of AAC with health care utilization over 36 months

AAC Incremental total
Level health care

costs (95% CI) p-value

All-cause
hospital stays
OR (95% ClI)

CVD hospital
stays
OR (95% ClI)

SNF stays
OR (95% CI)

Base
Model? <0.0001
0-1 Reference Reference Reference
2-4 $293 (-628, 1190) 1.46 (1.16,1.84)  1.67 (1.22, 2.28)
5-8 $1030 (-12, 2071) 1.41(1.10,1.80) 1.84 (1.33,2.53)
29 $2745 (1484, 4006) 1.80 (1.40-2.31)  2.95 (2.16, 4.03)
Model Zb 0.03
0-1 Reference Reference Reference
2-4 $120 (~793,1033) 1.33(1.04,1.70)  1.43 (1.02, 2.02)
5-8 $461 (-563, 1485) 1.26 (0.97,1.65)  1.50 (1.05, 2.15)
>9 $1651 (458, 2844) 1.54 (1.17,2.02)  2.20 (1.55, 3.12)
Model 3° 0.05
0-1 Reference Reference Reference
2-4 $71 (841, 982) 1.33(1.04,1.70)  1.44 (1.02, 2.03)
5-8 $421 (-598, 1440) 1.25(0.96, 1.63)  1.47 (1.02, 2.11)
>9 $1473 (293, 2654) 1.47 (1.12,1.94)  2.06 (1.45, 2.93)

Reference
1.28 (0.70, 2.33)
1.13(0.61, 2.10)
2.39 (1.37, 4.18)

Reference
1.42 (0.73, 2.77)
1.26 (0.63, 2.51)
2.56 (1.36, 4.82)

Reference
1.44 (0.74, 2.80)
1.24 (0.62, 2.49)
2.44 (1.29, 4.62)

aAdjusted for age and clinical site

Page 17

Adjusted for age, clinical site, race, education, systolic blood pressure, HDL cholesterol, LDL cholesterol, triglycerides, smoking status, angina,

prior myocardial infarction, prior stroke, congestive heart failure, diabetes mellitus and CKD (eGFR < 60 ml/min)

cAdjusted for Model 2 covariates plus ABI

d . . .
p-value for trend of change across predictor variable categories

AAC, abdominal aortic calcification; SNF, skilled nursing facility; OR, odds ratio
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