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Abstract 

Background and aims  The increasing prevalence of metabolic and cardiovascular diseases poses a significant chal-
lenge to global healthcare systems. Regular physical activity (PA) is recognized for its positive impact on cardiovascular 
risk factors. This study aimed to investigate the relationship between moderate-to-vigorous physical activity (MVPA), 
sedentary behavior (SB), and abdominal aortic calcification (AAC) using data from the National Health and Nutrition 
Examination Survey (NHANES).

Methods  The study used data from NHANES participants aged 40 and above during the 2013–2014 cycle. AAC 
scores were assessed using the Kauppila scoring system, and MVPA and SB were self-reported. Sociodemographic var-
iables were considered, and multivariable linear regression models were used to analyze associations between MVPA, 
SB, and AAC scores. Subgroup analyses were conducted based on age, sex, BMI, hypertension, and diabetes.

Results  The study included 2843 participants. AAC prevalence was higher in older age groups, smokers, and those 
with diabetes or hypertension. Lower socioeconomic status was associated with higher AAC prevalence. Individuals 
engaged in any level of MVPA exhibited lower AAC rates compared to inactive individuals. Not engaging in occu-
pational MVPA (β = 0.46, 95% confidence interval = 0.24‒0.67, p < .001) and prolonged SB (β = 0.28, 95% confidence 
interval = 0.04‒0.52, p = .023) were associated with higher AAC scores. However, no significant associations were 
found for transportation and leisure time MVPA. Subgroup analysis revealed age and hypertension as effect modifiers 
in the MVPA-AAC relationship.

Conclusions  This study highlights the potential benefits of engaging in occupational MVPA and reducing SB in miti-
gating AAC scores, particularly among older individuals and those with hypertension.
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Introduction
The changing demographics and the escalating preva-
lence of metabolic and cardiovascular diseases pre-
sent substantial challenges to individual health and 
global healthcare systems. Generally, exercise is widely 
recognized as an effective intervention for positively 
influencing cardiovascular risk factors across diverse 
populations. Extensive evidence suggests that regular 
exercise impacts parameters associated with the meta-
bolic syndrome (MetSyn), a cluster of cardiovascular 
risk factors [1].

A longitudinal study conducted on a population scale 
revealed that increased levels of moderate-to-vigorous 
physical activity (MVPA) and reduction in sedentary 
behavior (SB) were both linked to a decelerated age-
related advancement of aortic stiffness, irrespective of 
conventional vascular risk factors [2]. Cross-sectional 
investigations have also demonstrated inverse connec-
tions between physical activity (PA) and diverse assess-
ments of arterial stiffness among the elderly [3–9]. 
Vascular calcification (VC) refers to a pathological pro-
cess involving the anomalous accumulation of miner-
als within the media or lipoproteins within the intima, 
resulting in vessel stiffening [10]. Abdominal aortic cal-
cification (AAC), a frequent manifestation of VC [11], 
exhibits high prevalence in the general population, with 
both its incidence and severity escalating with advanc-
ing age [12]. Recently, VC has gained recognition as a 
protective factor that contributes to the stabilization of 
the aortic aneurysmal wall, likely mitigating the progres-
sion of abdominal aortic aneurysm expansion [13, 14]. 
However, conversely, heightened severity of aortic cal-
cifications may lead to adverse health outcomes. It has 
also been found to predict cardiovascular events and all-
cause mortality [15–19]. Several epidemiological studies 
have shown that AAC is associated with incident coro-
nary heart disease [20], myocardial infarction [21] and 
stroke [22]. A more holistic risk mitigation approach, 
encompassing lifestyle modification or PA, may serve as 
a credible strategy for diminishing the deposition and 
advancement of VC [23]. Nonetheless, a substantial pro-
spective study involving healthy populations revealed a 
counterintuitive finding: elevated levels of PA were linked 
to a heightened prevalence and accelerated progression 
of coronary artery calcium (CAC) [24]. Notably, exercise 
training appears ineffective in impeding the advancement 
of AAC among patients with chronic kidney disease [25]. 
Furthermore, outcomes from a study involving older men 
afflicted with osteosarcopenia suggest that high-intensity 
resistance training yielded no discernible benefits on 
AAC over an 18-month observation period [26]. These 

contradictory results suggest that the relationship of PA 
and SB with AAC remains unclear.

Thus, our objective was to examine the prevalence of 
AAC in individuals categorized as physically inactive 
(sedentary) relative to their physically active counter-
parts. Additionally, we sought to explore the correlation 
between MVPA and SB with AAC within the US popu-
lace, leveraging data from the National Health and 
Nutrition Examination Survey (NHANES). The authors 
postulated that elevated MVPA levels and reduced SB 
would correlate with a diminished AAC score.

Methods
Study population
We extracted data from the NHANES, a representative 
cross-sectional survey conducted to gather comprehen-
sive health and nutritional information among individu-
als in the United States. Our study focused on NHANES 
participants aged 40 years or older during the 2013–2014 
cycle. During this period, AAC scores were exclusively 
assessed within this age cohort and cycle. Our inclusion 
criteria encompassed individuals with complete AAC 
measurements, self-reported MVPA and SB data, as well 
as pertinent demographic variables. Notably, participants 
who self-reported implausible values in their PA ques-
tionnaires were meticulously excluded. Initially, our study 
cohort comprised 10,175 participants. After excluding 
individuals aged below 40 years (n = 6360), those with 
incomplete AAC data (n = 675), insufficient MVPA and 
SB data (n = 22), and those with missing covariate infor-
mation (n = 275), including variables such as poverty–
income ratio (PIR) (N = 250), body mass index (N = 20), 
education level (N = 4), marital status (N = 3), and smok-
ing status (N = 2), a final analytic sample of 2843 partici-
pants was established (Additional file 1: Fig. S1).

Out of the 3815 participants aged 40 years and above, 
a cohort of 2843 individuals possessed comprehen-
sive datasets, constituting the core analysis dataset. The 
cohort incorporated into the analysis exhibited prevalent 
attributes of advanced age, female gender, obesity, and 
single marital status. Moreover, a notable prevalence of 
diminished PIR and limited educational attainment was 
observed among the participants included in the study 
(Additional file 1: Table S1). It is imperative to acknowl-
edge that these discernible distinctions between the 
included and excluded participant subsets underscore 
the potential limitations in extrapolating the study out-
comes to broader segments of the population.
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Study variables
Sociodemographic characteristics
Several key sociodemographic variables were meticu-
lously evaluated, including age, gender (male/female), 
race-ethnicity (categorized as Mexican American, other 
Hispanic, non-Hispanic White, non-Hispanic Black, 
non-Hispanic Asian, and others), Body Mass Index 
(BMI), marital status (classified as married/living with 
partner or single), educational attainment (stratified into 
high school degree/equivalency or less, some college or 
associates degree, college graduate or above), and PIR, 
smoking status (classified as non-smoker, former smoker 
or current smoker), diabetes (yes/no) and hypertension 
(yes/no) [27–29]. We categorized BMI as normal (kg/
m²<25.0), overweight (25.0 ≤ kg/m²<30.0), or obese (kg/
m²≥30.0) [30, 31]. The marital status and educational 
attainment of participants adhered to definitions estab-
lished in prior research [32]. The PIR quantified income 
in relation to federal poverty thresholds, with a range of 
0 (no income) to 5 (greater than or equal to five times the 
federal poverty level) [33]. Smoking status was catego-
rized based on reported cigarettes smoked: participants 
reporting fewer than 100 cigarettes in their lifetime were 
designated as “never smokers”, those reporting ≥ 100 
cigarettes and currently smoking “every day” or “some 
days” were classified as “current smokers” and individu-
als who reported ≥ 100 cigarettes but had quit smok-
ing at the time of the questionnaire were identified as 
“former smokers” [34]. Hypertension diagnosis criteria 
encompassed average systolic blood pressure (ASBP) / 
the average diastolic blood pressure (ADBP) ≥ 140/90 
mmHg, antihypertensive medication usage, and history 
of hypertension [32]. The calculation methods of ASBP 
and ADBP have been reported in previous study [16]. 
Participants were classified as having diabetes if they met 
any of the following criteria: (1) a random glucose level 
equal to or exceeding 11.1 mmol/L, (2) a fasting glucose 
level exceeding 7 mmol/L, (3) a glycated hemoglobin A1c 
level equal to or surpassing 6.5%, (4) a blood glucose level 
of ≥ 11.1 mmol/L during a 2 h oral glucose tolerance test 
(OGTT), (5) ongoing treatment with hypoglycemic med-
ications, or (6) a previous medical diagnosis of diabetes. 
[32].

Primary outcome: AAC​
The severity of AAC was assessed using the Kauppila 
scoring system, which entailed analysis of lateral spine 
images obtained via dual-energy X-ray absorptiometry 
(DXA). Participants younger than 40 years, pregnant 
individuals, recent users of radiographic contrast, those 
exceeding 450 pounds in weight, or those with Har-
rington rod-related scoliosis were excluded from DXA 
examination. The AAC-24 scoring methodology divided 

the anterior and posterior aortic walls into segments cor-
responding to lumbar spine regions L1–L4. AAC sever-
ity was quantified using a 0–3 score for each of the eight 
segments, indicative of the degree of calcification. The 
total AAC score ranged from 0 to 24, with higher scores 
reflecting more pronounced calcification. Notably, an 
AAC score above 6 was employed as a widely recognized 
threshold for severe AAC (SAAC) [32, 35].

Primary exposure: self‑reported MVPA and SB
Data on self-reported MVPA and SB were derived from 
the Global Physical Activity Questionnaire [36]. MVPA 
is defined as activities that lead to a significant increase 
in respiration or heart rate. This questionnaire encom-
passed various domains of MVPA, including transpor-
tation, occupational, and leisure-time MVPA, as well as 
sedentary time domains. The total MVPA duration was 
calculated by aggregating the reported time across each 
domain. We classified MVPA and its constituent domains 
into binary categories: “none” denoted MVPA of 0 min/
week, while “any” encompassed MVPA exceeding 0 min/
week. [33]. These categorizations were chosen due to the 
notable skewness in the data, with approximately 27% of 
participants reporting zero MVPA minutes. For instance, 
77% reported no transportation MVPA, 65% reported no 
occupational MVPA, and 51% reported no leisure-time 
MVPA. Similarly, close to 50% reported high daily hours 
of SB. Total sedentary behavior time (TSBT) was classi-
fied as either high (reporting more than 7.5 h/day) or low 
(reporting 7.5  h/day or less), following prior definitions 
provided by NHANES participants [33].

Statistical methods
In accordance with Center for Disease Control and Pre-
vention (CDC) guidelines, all statistical analyses were 
conducted using appropriate NHANES sampling weights 
to address the complexities inherent in the multi-stage 
cluster survey design. This approach ensured accurate 
representation of the broader population [37]. Participant 
characteristics, with respect to AAC, were presented 
as percentages for categorical variables. We presented 
descriptive statistics detailing the prevalence of AAC 
across MVPA, TSBT, and individual MVPA domains. We 
employed the Wilcoxon rank sum test and chi-square 
test to assess clinical characteristic differences between 
included and excluded populations. To gauge the soci-
odemographic disparities across AAC, we employed 
Pearson’s chi-squared test or Fisher’s exact test for cat-
egorical variables. Associations linking MVPA, SB, and 
AAC scores were evaluated through weighted univari-
able and multivariable linear regression models. Model 1 
remained unadjusted, while Model 2 incorporated adjust-
ments for age, sex, and race. Model 3 further accounted 
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for additional covariates, including age, sex, race, BMI, 
marital status, education level, PIR, smoking, hyperten-
sion, and diabetes. To explore potential non-linear rela-
tionships, the restricted cubic spline (RCS) was applied 
to examine TSBT’s influence on AAC score. Addition-
ally, we conducted subgroup analyses through stratified 
multivariable linear regression models, factoring in vari-
ables such as sex, age, BMI, hypertension, and diabetes 
as potential effect modifiers. To quantify heterogeneity, 
interaction terms were introduced and evaluated using 
the likelihood ratio test. These analyses were conducted 
employing survey methods in R (version 4.2.1) software 
to account for the intricate survey design’s stratification, 
clustering, and weighting of applying Mobile Examina-
tion Center (MEC) weights. Statistical significance was 
established at a two-tailed p < .05.

Results
Participants characteristic
Various sociodemographic groups exhibited statistically 
significant higher rates of AAC and SAAC (Table  1). 
Advanced age, non-Hispanic White ethnicity, single mar-
ital status, and smoking were associated with elevated 
AAC rates. Conversely, a lower prevalence of AAC was 
observed in obese participants. Notably, individuals with 
diabetes, hypertension, lower PIR, or limited educational 
attainment demonstrated significantly higher AAC prev-
alence compared to their counterparts. Similar trends 
were evident in SAAC rates, except for BMI status, edu-
cation level, and PIR (all p > .05)..

AAC by MVPA and SB
The findings in Table 2 reveal that individuals engaging in 
any level of MVPA (greater than 0 min/week) exhibited 
lower AAC rates (27.62% vs. 37.66%, p < .001) compared 
to those with no MVPA (0 min/week). Additionally, indi-
viduals with lower TSBT demonstrated decreased AAC 
rates relative to those with higher TSBT (28.39% vs. 
32.39%, p = .020). Among the three MVPA domains, any 
time allocated to MVPA was associated with a reduced 
AAC prevalence compared to individuals reporting no 
MVPA (transportation: 27.15% vs. 31.26%, p = .045; occu-
pational: 26.74% vs. 32.28%, p = .002; leisure: 26.74% vs. 
33.77%, p < .001).

Moreover, among individuals with AAC, no significant 
disparity in SAAC prevalence was observed between 
those engaged in any time versus no time leisure MVPA 
(30.56% vs. 30.06%, p = .874). Additionally, there was no 
substantial divergence in SAAC prevalence between 
low and high TSBT groups (28.78% vs. 31.69%, p = .353) 
(Table 2).

MVPA and SB is associated with increased AAC score
Results from our adjusted multivariable linear regres-
sion model (Table 3) reveal associations between MVPA 
and occupational MVPA with AAC score. Specifically, 
individuals reporting no MVPA or occupational MVPA 
exhibited higher AAC scores (β = 0.40, 95% confi-
dence interval [CI]  0.09‒0.71, p = .013; β = 0.46, 95% CI  
0.24‒0.67, p < .001). In unadjusted models, participants 
reporting no leisure time MVPA demonstrated higher 
AAC scores (β = 0.39, 95% CI  0.04‒0.75, p = .028); how-
ever, this association lost significance upon covariate 
adjustment. Similar trends were noted for no transpor-
tation MVPA, with higher AAC scores observed in the 
minimally adjusted model (β = 0.29, 95% CI   0.03‒0.55, 
p = .026). While high TSBT was not associated with 
higher AAC scores in crude and minimally adjusted mod-
els, a significant association emerged upon full covariate 
adjustment (β = 0.28, 95% CI   0.04‒0.52, p = .023). More-
over, multivariable-adjusted RCS analysis demonstrated 
a notable dose-response relationship between TSBT and 
AAC score (p for overall trend = 0.009; p for nonlinear 
trend = 0.113) (Fig.  1). The curve exhibited a negative β 
when TSBT < 3.00, followed by a rising trajectory until 
TSBT reached approximately nine. Subsequently, a grad-
ual decline in β was observed. Notably, extreme TSBT 
values at both ends did not yield statistically significant 
correlations with AAC scores.

Subgroup analysis
To assess the consistency of associations between MVPA, 
occupational MVPA, or TSBT with AAC score across 
diverse populations, we conducted subgroup analyses 
and interaction tests stratified by age, sex, BMI, hyper-
tension, and diabetes. Our findings regarding MVPA 
demonstrated heterogeneous associations. Figure  2 
reveals significant interactions related to age and hyper-
tension (all p for interaction < 0.05), while no substan-
tial interactions were detected for sex, BMI, or diabetes. 
MVPA remained positively associated with AAC score 
among females, those aged ≥ 60, individuals with normal 
BMI, hypertension, and those without diabetes. In sum, 
our results underscore the dependence of the MVPA–
AAC score association on age subgroups and hyperten-
sion status, it may be appropriate for those age ≥ 60 or 
with hypertension.

Similarly, for occupational MVPA, interactions were 
detected for age (p for interaction = 0.043) and hyper-
tension (p for interaction = 0.013). Notably, a positive 
association was discerned among females, individuals 
aged ≥ 60, those with normal BMI, obesity, hypertension, 
and non-diabetic participants. Conversely, interactions 
for sex, BMI, and diabetes demonstrated no significant 
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Table 1  Demographics and comparisons between AAC status and severity among covariates

Characteristic All (n = 2843) (%) AAC​

No (n = 1981) (% 
of All)

Yes p-Value
Yes/No

p-Value
Severe/non-Severe

All yes 
(n = 862) (% 
of all)

non-SAAC 
(n = 601) (% of 
all Yes)

SAAC 
(n = 261) (% 
of all Yes)

Age (years) < 0.001*** < 0.001***

 40–59 1526 (53.68) 1237 (81.06) 289 (18.94) 257 (88.93) 32 (11.07)

 60+ 1317 (46.32) 744 (56.49) 573 (43.51) 344 (60.03) 229 (39.97)

Sex (%) 0.308 0.286

 Male 1377 (48.43) 947 (68.77) 430 (31.23) 307 (71.40) 123 (28.60)

 Female 1466 (51.57) 1034 (70.53) 432 (29.47) 294 (68.06) 138 (31.94)

Race (%) < 0.001*** < 0.001***

 Mexican American 347 (12.21) 264 (76.08) 83 (23.92) 59 (71.08) 24 (28.92)

 Other Hispanic 256 (9.00) 191 (74.61) 65 (25.39) 54 (83.08) 11 (16.92)

 Non-Hispanic 
White

1286 (45.23) 812 (63.14) 474 (36.86) 303 (63.92) 171 (36.08)

 Non-Hispanic 
Black

567 (19.94) 425 (74.96) 142 (25.04) 107 (75.35) 35 (24.65)

 Non-Hispanic 
Asian

330 (11.61) 248 (75.15) 82 (24.85) 65 (79.27) 17 (20.73)

 Other Race 57 (2.00) 41 (71.93) 16 (28.07) 13 (81.25) 3 (18.75)

BMI status < 0.001*** 0.112

 Normal (< 25 kg/
m2)

806 (28.35) 548 (67.99) 258 (32.01) 171 (66.28) 87 (33.72)

 Overweight (≥ 25 
and < 30 kg/m2)

1033 (36.33) 677 (65.54) 356 (34.46) 245 (68.82) 111 (31.18)

 Obese (≥ 30 kg/
m2)

1004 (35.31) 756 (75.30) 248 (24.70) 185 (74.60) 63 (25.40)

Marital status (%) < 0.001*** < 0.001***

 Married/Living 
with partner

1799 (63.28) 1304 (72.48) 495 (27.52) 369 (74.55) 126 (25.45)

 Single 1044 (36.72) 677 (64.85) 367 (35.15) 232 (63.22) 135 (36.78)

Education level (%) 0.034* 0.346

 High school 
degree/equiva-
lency or less

1258 (44.25) 851 (67.65) 407 (32.35) 274 (67.32) 133 (32.68)

 Some college 
or associates 
degree

822 (28.91) 572 (69.59) 250 (30.41) 179 (71.60) 71 (28.40)

 College Graduate 
or above

763 (26.84) 558 (73.13) 205 (26.87) 148 (72.20) 57 (27.80)

PIR 0.002** 0.535

 <1.38 886 (31.16) 609 (68.74) 277 (31.26) 190 (68.59) 87 (31.41)

 ≥1.38 and < 3.99 1129 (39.71) 757 (67.05) 372 (32.95) 256 (68.82) 116 (31.18)

 ≥3.99 828 (29.12) 615 (74.28) 213 (25.72) 155 (72.77) 58 (27.2)

Smoking (%) < 0.001*** 0.014*

 Never 1503 (52.87) 1112 (73.99) 391 (26.01) 290 (74.17) 101 (25.83)

 Former 803 (28.24) 513 (63.89) 290 (36.11) 185 (63.79) 105 (36.21)

 Now 537 (18.89) 356 (66.29) 181 (33.71) 126 (69.61) 55 (30.39)

Diabetes (%) < 0.001*** < 0.001***

 Yes 668 (23.50) 400 (59.88) 268 (40.12) 165 (61.57) 103 (38.43)

 No 2175 (76.50) 1581 (72.69) 594 (27.31) 436 (73.40) 158 (26.60)

Hypertension (%) < 0.001*** < 0.001***
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Data is presented as proportions for categorical variables, n (%)

p-Value indicates varying proportions of AAC or AAC severity based on sex, age, race, BMI status, marital status, education, poverty level, smoking status, diabetes, and 
hypertension

Analysis conducted: Chi-square test

 AAC​ abdominal aortic calcification; SAAC​ severe abdominal aortic calcification; BMI body mass index; PIR poverty income ratio

*p < .05;

**p < .01;

***p < .001

Table 1  (continued)

Characteristic All (n = 2843) (%) AAC​

No (n = 1981) (% 
of All)

Yes p-Value
Yes/No

p-Value
Severe/non-Severe

All yes 
(n = 862) (% 
of all)

non-SAAC 
(n = 601) (% of 
all Yes)

SAAC 
(n = 261) (% 
of all Yes)

 Yes 1367 (48.08) 839 (61.38) 528 (38.62) 332 (62.88) 196 (37.12)

 No 1476 (51.92) 1142 (77.85) 334 (22.15) 269 (80.54) 65 (19.46)

Table 2  AAC status and severity by level of physical activity and sedentary behaviour

Data is presented as proportions for categorical variables, n (%)

p-Value indicates varying proportions of AAC or AAC severity based on MVPA, transportation MVPA, occupational MVPA, leisure-time MVPA, and TSBT.

Analysis conducted: Chi-square test

AAC​ abdominal aortic calcification; SAAC​ severe abdominal aortic calcification; MVPA moderate-to-vigorous physical activity; TSBT total sedentary behaviour time

*p < .05;

**p < .01;

***p < .001

Characteristic All (n = 2843) (%) AAC​

No (n = 1981) (% of All) Yes p-Value
Yes/No

p-Value
Severe/
non-
Severe

All yes 
(n = 862) (% 
of all)

non-Severe AAC 
(n = 601) (% of
all Yes)

Severe AAC 
(n = 261) (% of
all Yes)

MVPA < 0.001*** 0.039*

 Any (> 0 min/week) 2081 (73.20) 1506 (72.38) 575 (27.62) 414 (72.00) 161 (28.00)

 None (0 min/week) 762 (26.80) 475 (62.34) 287 (37.66) 187 (65.16) 100 (34.84)

Transportation MVPA 0.045* 0.013*

 Any (> 0 min/week) 652 (22.93) 475 (72.85) 177 (27.15) 137 (77.40) 40 (22.60)

 None (0 min/week) 2191 (77.07) 1506 (68.74) 685 (31.26) 464 (67.74) 221 (32.26)

Occupational MVPA 0.002** 0.021*

 Any (> 0 min/week) 1006 (35.39) 737 (73.26) 269 (26.74) 202 (75.09) 67 (24.91)

 None (0 min/week) 1837 (64.61) 1244 (67.72) 593 (32.28) 399 (67.28) 194 (32.72)

Leisure MVPA < 0.001*** 0.874

 Any (> 0 min/week) 1395 (49.07) 1022 (73.26) 373 (26.74) 259 (69.44) 114 (30.56)

 None (0 min/week) 1448 (50.93) 959 (66.23) 489 (33.77) 342 (69.94) 147 (30.06)

TSBT 0.020* 0.353

 Low ≤ 7.5 h/day 1469 (51.67) 1052 (71.61) 417 (28.39) 297 (71.22) 120 (28.78)

 High > 7.5 h/day 1374 (48.33) 929 (67.61) 445 (32.39) 304 (68.31) 141 (31.69)
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differences (all p for interaction > 0.05). Overall, our find-
ings underscore the dependence of the occupational 
MVPA–AAC score association on age and hypertension 
status, especially among individuals aged ≥ 60 or with 
hypertension (Fig. 2).

Furthermore, interaction tests indicated no signifi-
cant differences in the association between TSBT and 
AAC score across various stratifications. These results 
suggest a lack of substantial dependence on gender, age, 
BMI, hypertension, and diabetes for this positive asso-
ciation (all p for interaction > 0.05) (Fig. 2).

Discussion
Principal findings
Within our study population, AAC was prevalent in 
approximately 30% of individuals. Notably, a higher prev-
alence of AAC was observed among individuals aged 60 
years or older, those identifying as non-Hispanic White, 
those who were single, smokers, and those with comor-
bidities such as diabetes and hypertension. Addition-
ally, lower levels of PIR and educational attainment were 

associated with higher AAC prevalence. Conversely, a 
lower prevalence of AAC was found among obese par-
ticipants. Furthermore, our analysis revealed that AAC 
occurrence was more common in individuals engaged 
in lower levels of MVPA and those with higher levels 
of SB. After adjusting for various confounding factors, 
we established that being physically active (engaging in 
occupational MVPA or maintaining SB of ≤ 7.5 h per day) 
held the potential to mitigate AAC scores. Notably, the 
other two types of MVPA showed no significant asso-
ciation with AAC scores. These findings underscore the 
positive impact of engaging in occupational MVPA and 
reducing SB on AAC scores.

Comparisons with other studies
Our observations align with prior research indicat-
ing that smoking, disadvantaged socioeconomic back-
grounds, and lower educational levels correlate with a 
higher likelihood of AAC [27, 28, 38, 39]. Furthermore, 
the finding that AAC prevalence is higher among non-
Hispanic Whites is consistent with the Multi-Ethnic 

Table 3  Multivariable linear regression to determine the β (95% CIs) of AAC scores presence by physical activity or sedentary 
behaviour

Data are presented as β, 95% CIs (confidence intervals), and p-value; physical activity domains categorized in either any or none; omitted for collinearity

Model 1 was adjusted for none

Model 2 was adjusted for age, sex, race

Model 3 was adjusted for sex, age, race, BMI, marital status, education, poverty level, smoking status, diabetes, and hypertension

AAC​ abdominal aortic calcification; MVPA moderate-to-vigorous physical activity; TSBT total sedentary behaviour time

*p < .05;

**p < .01;

***p < .001

Crude model (Model 1) p-value Minimally adjusted 
model (Model 2)

p-value Fully adjusted 
model (Model 3)

p-value

AAC Score/β (95% CI)

 MVPA

  None (0 min/week) 0.75 (0.48, 1.03) < 0.001*** 0.49 (0.22, 0.76) < 0.001*** 0.40 (0.09, 0.71) 0.013*

  Any (> 0 min/week) Reference Reference Reference

 Transportation MVPA

  None (0 min/week) 0.44 (0.20, 0.68) < 0.001*** 0.29 (0.03, 0.55) 0.026* 0.28 (0.00, 0.57) 0.053

  Any (> 0 min/week) Reference Reference Reference

 Occupational MVPA

  None (0 min/week) 0.45 (0.16, 0.73) 0.002** 0.36 (0.14, 0.58) 0.001** 0.46 (0.24, 0.67) < 0.001***

  Any (> 0 min/week) Reference Reference Reference

 Leisure time MVPA

  None (0 min/week) 0.39 (0.04, 0.75) 0.028* 0.24 (− 0.14, 0.62) 0.449 0.04 (− 0.43, 0.51) 0.868

  Any (> 0 min/week) Reference Reference Reference

 TSBT

  Hight > 7.5 h/day 0.15 (− 0.08, 0.38) 0.196 0.20 (− 0.04, 0.44) 0.097 0.28 (0.04, 0.52) 0.023*

  Low ≤ 7.5 h/day Reference Reference Reference
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Study of Atherosclerosis (MESA) [39]. Intriguingly, 
our study uncovered a negative correlation between 
increased BMI and AAC occurrence, suggesting a poten-
tial protective role of higher BMI. This concurs with pre-
vious studies demonstrating a similar inverse relationship 
[38, 40, 41].

The well-established association between physical 
inactivity, prolonged SB, and elevated cardiovascular 
disease risk is reaffirmed in our study [42, 43]. Our find-
ings align with an earlier small retrospective study that 
reported a negative correlation between exercise and 
AAC [28]. However, among the three distinct types of 
MVPA examined, a significant negative correlation with 
AAC scores was only evident for occupational MVPA, 
even after accounting for other influencing factors. Cur-
rently, knowledge in this field is scarce. Previous research 
has indicated an association between occupational PA 
and a heightened risk of cardiovascular diseases [44–46]. 
A plausible explanation for the occupational PA health 
paradox lies in inadequate recovery time during and 
after such activities, contributing to an increased 24 h 
cardiovascular load [47]. Future studies might explore 

the dose-response relationship between heightened 
occupational MVPA and AAC mitigation, despite mixed 
outcomes in prior research [26]. Our findings regarding 
occupational MVPA contribute to the understanding of 
this health paradox phenomenon. While research has 
indicated that as daily SB extends, there is an increase in 
the prevalence of coronary artery calcification [48, 49], 
our results lack direct comparability with existing stud-
ies concerning the relationship between SB and AAC. 
Nevertheless, our findings align with the perspective that 
reducing SB yields cardiovascular benefits [50].

Subgroup analysis has provided invaluable insights into 
potential interactions between MVPA, age, hypertension, 
and their collective influence on AAC scores. Particularly 
in individuals of advanced age or those with hyperten-
sion, the association between MVPA and AAC scores 
becomes more pronounced, highlighting the heightened 
significance of the MVPA-AAC connection in these 
contexts.

Fig. 1  Restricted spline curve shows the relationship between TSBT and AAC scores. Red line and red transparent area represent beta and 95% 
CI, respectively; the unit of TSBT is hours. β (95% CI) was adjusted based on Model 3 (sex, age, race, BMI, marital status, education, poverty level, 
smoking status, diabetes, and hypertension). AAC​ abdominal aortic calcification; TSBT total sedentary behaviour time; CI confidence interval
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Fig. 2  Subgroup analysis for the association between MVPA, Occupational MVPA or TSBT and AAC. The results were adjusted for all covariates 
except the corresponding stratification variable. AAC​ abdominal aortic calcification; BMI body mass index; MVPA moderate-to-vigorous physical 
activity; TSBT total sedentary behaviour time. *p < .05
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Potential mechanisms
The benefits of PA and reduced SB extend beyond met-
abolic and cardiovascular improvements to encompass 
musculoskeletal health, especially pertinent to older 
individuals [51, 52]. Wu et  al. demonstrated that par-
ticipants with osteoporosis had higher AAC scores, and 
osteoporosis was positively associated with SAAC inde-
pendent on demographics and other factors relevant to 
AAC [53]. However, the effects of exercise on diverse 
outcomes are contingent on exercise type and strain 
composition.

While the precise biological mechanisms linking 
PA to AAC remain inadequately understood, existing 
knowledge connects physical exercise to improved vas-
cular compliance and remodeling, enhanced endothe-
lial function through increased laminar shear stress, 
reduced production of vasoconstrictors, oxidative 
stress, and low-grade inflammation [54–61]. These 
mechanisms collectively support the protective role of 
PA, particularly sports activities, against aortic stiff-
ness. Oxidative stress in vascular smooth muscle cells 
triggers signals like Wnt, leading to osteogenic differ-
entiation in vascular walls, possibly contributing to 
calcium deposition and inflammation, fostering the 
calcification cycle [62, 63]. It is acknowledged that 
the intricate pathogenesis of AAC development goes 
beyond this paper’s scope.

Strengths, limitations and future directions
Our analysis boasts several strengths. The categoriza-
tion of MVPA enables a nuanced exploration of its AAC 
association, facilitating comparisons with proposed 
mechanisms. Additionally, the study’s population-
based, nationally representative survey design enhances 
the generalizability of findings to the broader US popu-
lation. Moreover, novel stratified analyses address con-
founding factors and inconsistencies surrounding the 
occupational MVPA health paradox.

Notwithstanding these strengths, limitations exist. 
The reliance on self-reported MVPA and SB is acknowl-
edged. Patients with AAC are more likely to have 
comorbidities that lead to reduced PA or prolonged SB. 
The cross-sectional design raises questions of causality, 
necessitating further experimental research to establish 
causal relationships and elucidate mechanisms. While 
the study assumes temporality in a short timeframe, 
systematic changes in these measures are unlikely. Our 
study underscores the significance of MVPA and sug-
gests that interventions to enhance MVPA and reduce 
SB could yield substantial effects on AAC. Further 
investigation is warranted to unravel the synergis-
tic effects of different forms of PA within the complex 
pathophysiology of AAC. Future research also should 

employ improved methodologies to validate these 
findings, including longitudinal designs and enhanced 
measurements of MVPA and SB.

Conclusions
To conclude, our study underscores the potential of 
increasing PA levels and minimizing SB to confer 
favorable vascular effects and decelerate the progres-
sion of AAC. This observation offers a plausible expla-
nation for the intricate connection between physical 
inactivity and the elevated risk of cardiovascular dis-
eases. As we navigate the landscape of preventive 
cardiovascular health, these findings underscore the 
significance of lifestyle interventions centered around 
promoting PA and curtailing sedentary habits.
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