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Abstract
Objective:  We aimed to explore the effect of weight change on abdominal aortic calcification (AAC) among men.
Methods: Data were obtained from the 2013 to 2014 National Health and Nutrition Examination Survey (NHANES). Self-reported cardiovascular 
disease patients were excluded. Lateral spine images were used to quantify AAC score and severe AAC was defined as a AAC score greater than 
6. Weight change over a 10-year period was defined as long-term weight change, and weight change over a 1-year period was defined as short-
term weight change. The relationship between long-term and short-term weight change with AAC grade was estimated by using multivariable 
regression analysis and subgroup analysis.
Results: After adjusting for covariates, weight gain, especially severe weight gain (> 10 kg), was associated with increased likelihood of AAC 
and severe AAC both in the short term (1 year) and long term (10 years) among men when compared to stable weight change, while long-term 
weight loss could also lead to an increased likelihood of AAC and severe AAC.
Conclusion: Stable body weight might be a predictor of a lower risk of AAC and severe AAC among men in the long term and short term.
Key Words: weight change, abdominal aortic calcification, vascular calcification, males, NHANES, cross-sectional study
Abbreviations: AAC, abdominal aortic calcification; BMI, body mass index; CAC, coronary artery calcification; CVD, cardiovascular disease; NHANES, National 
Health and Nutrition Examination Survey; IMT, intima-media thickness; MONW, metabolically obese, normal-weight;PIR, income to poverty ratio.

Accumulating evidence has demonstrated that obesity and 
weight gain are independent risk factors for hypertension 
[1], dyslipidemia [2], and cardiovascular disease (CVD)  
[3, 4], thus intentional weight loss is recommended to 
overweight and obese patients based on such settings. 
However, the obesity paradox has been observed in sev-
eral population-based samples in which overweight and 
obese patients had lower odds of in-hospital mortality [5] 
and better prognosis [6] compared to normal-weight pa-
tients. Even so, weight loss as a primary treatment strategy 
is recommended by the guidelines [7, 8]. Some studies 
showed a positive association between weight loss and 
CVD outcomes [9, 10], whereas higher CVD mortality 
was observed among patients with weight loss compared 
with overweight and moderately obese adults in several 
population-based samples [11, 12], all of which suggests a 
more varied pattern of association between the presence of 
overweight and obesity and weight change with mortality  
and CVD.

Vascular calcification is a clinical marker of atheroscler-
osis [13], which can result in CVDs [14] and lead to a 
poorer prognosis, comprising higher mortality risk, adverse 
cardiovascular events, and other comorbidities. The pres-
ence of calcified plaque in the aorta [15] is considered as a 

well-characterized marker of vascular calcification and a pre-
dictor both of cardiovascular and all-cause mortality [16]. 
The abdominal aortic calcification (AAC) grading quan-
tification method (AAC score) was created to evaluate the 
severity of calcified vessels by using lateral lumbar radiog-
raphy, which was thought could reflect aortic calcification, 
grade lumbar aortic calcification, and create composite sum-
mary scores that are reproducible [17, 18]. To the best of our 
knowledge, no previous study has explored the relationship 
between long- and short-term weight change with AAC [19] 
score and severe AAC. To establish an appropriate preventive 
strategy for AAC with regard to weight management among 
males, we carried out a study to explore the possible correl-
ation between both.

Materials and Methods
Study Population
Data were obtained from the 2013 to 2014 National Health 
and Nutrition Examination Survey (NHANES), the design of 
which has been described in detail before [20]. Male partici-
pants with a full set of data both on AAC score and weight 
change were included. Patients with self-reported CVD were 
excluded, which including angina, coronary heart disease, 
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congestive heart failure, heart attack, or stroke. Ultimately we 
included 1249 men in the main analyses.

Survey and Measurement
Demographic information was collected using a standard 
questionnaire, including age, race (Mexican American, non-
Hispanic White, non-Hispanic Black, and other), educational 
level (< high school, high school or equivalent, and ≥ col-
lege), and income to poverty ratio (PIR) [21]. The lifestyle 
of participants was characterized by energy intake, physical 
activity, alcohol consumption (drinker, nondrinker), and 
smoking status (never, former, current smoker). Participants 
who performed at least 2.5 hours of moderate-intensity ac-
tivity, 1.25 hours of vigorous-intensity activity, or an equal 
combination of moderate- and vigorous-intensity activity per 
week were defined as physically active. A  participant who 
consumed at least 12 alcoholic beverage in any 1 year was 
defined as a drinker. The medical comorbidities included self-
reported diabetes (yes, no) and hypertension (yes, no). The 
height and weight of the participants were recorded by pro-
fessionals. Participants were required to recall their weight at 
1 and 10 years before the survey. By dividing absolute weight 
change into 5 groups, we derived a new patterns of weight 
change: less than –2.5 kg (weight loss), –2.5 to 2.5 kg (stable 
weight, reference group), 2.5 to 5.0 kg (mild weight gain), 
5.0 to 10.0  kg (moderate weight gain), and greater than 
or equal to 10.0 kg (severe weight gain). The AAC grading 
quantification method (AAC score) was established to as-
sess the severity of calcified vessels by using lateral lumbar 
radiography, and severe AAC was defined as an AAC score 
greater than 6.

Statistical Analysis
General characteristics are described as median (interquartile 
range) based on data distribution; categorical variables are 
presented as proportions. According to severe AAC status, 
differences in general characteristics were compared using 
the Wilcoxon rank sum test for continuous variables and 
chi-square for categorical variables. We explored the relation-
ship between 5 weight change patterns at each time point and 
AAC scores and severe AAC. Stable weight change was chosen 
as the reference level. We used multivariate regression models 
and subgroup analysis to analyze the relationship between 
long- or short-term weight change and the grade of AAC. 
Model 1 was the unadjusted model. Model 2 included age 
and race. Model 3 further included body mass index (BMI) 
at 1 or 10 years prior, energy intake, physical activity, alcohol 
use, smoking status, diabetes, and hypertension, along with 
the covariates in model 2. All analyses were conducted using 
the tableone and foreign package from R software v4.1.2 and 
Free Statistics software (version 1.1). A 2-tailed test was con-
ducted and a P value less than .05 was considered statistically 
significant.

Results
A total of 1249 men without known CVD from the NHANES 
2013 to 2014 cycles were enrolled in the study (Fig. 1).

The study population characteristics are shown in Table 1.  
Compared with the reference group, the participants with 
severe AAC (AAC score > 6) were older and had a higher 
smoking rate and a higher prevalence of diabetes and hyper-
tension. Lower weight, regardless of current weight or weight 

Figure 1. Flowchart of participant selection.
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1 or 10 years prior, was observed among severe AAC patients, 
and long-term weight loss was associated with severe AAC. 
In addition, there were statistically no significant associations 
between severe AAC and race, education level, PIR, energy 
intake, alcohol use, and short-term weight change.

We first explored the relationship between AAC score with 5 
weight change patterns at each time point. None was adjusted 
in model 1. Model 2 included age and race. Model 3 further 
included BMI at 1 or 10 years prior, energy intake, physical ac-
tivity, alcohol use, smoking status, diabetes, and hypertension, 
along with the covariates in model 2 (Table 2). After adjusting 
for covariates, we found that compared with the stable weight 
change, severe weight gain (> 10 kg) within 1 year was asso-
ciated with an increased likelihood of AAC (β = 2.18; 95% 
CI, 0.91-3.45), while short-term weight loss was associated 
with elevated AAC score (β = 0.73; 95% CI, 0.16-1.3). When 
it comes to weight change within 10 years, any weight gain 
was associated with increased AAC score, and a statistically 

significant correlation was found between weight loss and in-
creased AAC score (β = 0.62; 95% CI, 0.04-1.2) (see Fig. 2).

We further explored the relationship between weight 
change at each time point and severe AAC. In the short-term, 
severe weight gain (> 10 kg) was statistically significantly as-
sociated with severe AAC (odds ratio = 18.97; 95% CI, 3.37-
106.74) when compared with stable weight change. The same 
positive association was observed between long-term weight 
change and severe AAC (odds ratio = 4.81; 95% CI, 1.02-
22.73), whereas severe AAC was associated with long-term 
weight loss only (odds ratio = 3.59; 95% CI, 1.2-10.75), not 
with short-term weight loss (Fig. 3).

Discussion
Our study found that compared with stable weight change, 
weight gain, especially severe weight gain, was associated with 
increased likelihood of AAC and severe AAC both in short-term 

Table 1. Characteristics of the study population

Characteristics Overall Nonsevere AAC Severe AAC P 

No. 1249 1170 79  

Age, y 56 (47 to 65) 55 (47 to 64) 71 (64 to 79) < .01

Race, %    .02

Mexican American 290 (23.2) 280 (23.9) 10 (12.7)  

Non-Hispanic White 511 (40.9) 467 (39.9) 44 (55.7)  

Non-Hispanic Black 266 (21.3) 253 (21.6) 13 (16.5)  

Other 182 (14.6) 170 (14.5) 12 (15.2)  

Education, %    .69

< High school 286 (22.9%) 266 (22.7%) 20 (25.3%)  

High school or equivalent 277 (22.2%) 258 (22.1%) 19 (24.1%)  

≥ College 686 (54.9%) 646 (55.2%) 40 (50.6%)  

Poverty income ratio 2.73 (1.27 to 4.91) 2.79 (1.27 to 4.97) 2.28 (1.42 to 4.28) .73

Physical activity, %    .09

Inactive 608 (64.7%) 563 (64.1%) 45 (75.0%)  

Active 331 (35.3%) 316 (35.9%) 15 (35.0%)  

Energy, kCal/d 2195 (1657 to 2851) 2238 (1674 to 2862) 1849 (1552 to 2431) < .01

Smoking status, %     

Never 572 (45.8) 549 (47.0) 23 (29.1) < .01

Past 422 (33.8) 386 (33.0) 36 (45.6)  

Current 254 (20.4) 234 (20.0) 20 (25.3)  

Alcohol use, %    ≥ .999

No 827 (99.5%) 775 (99.5%) 52 (100.0%)  

Yes 4 (0.5%) 4 (0.5%) 0 (0.0%)  

Diabetes, %    <0.01

No 1015 (84.7%) 963 (85.6%) 52 (71.2%)  

Yes 183 (15.3%) 162 (14.4%) 21 (28.8%)  

Hypertension, %    < .01

No 754 (60.4%) 726 (62.1%) 28 (35.4%)  

Yes 494 (39.6%) 443 (37.9%) 51 (64.6%)  

Short-term weight change 0 (–1.81 to 0.91) 0 (–1.81 to 0.91) 0 (–2.27 to 0.45) .92

Long-term weight change 2.27 (–2.27 to 6.80) 2.27 (–2.27 to 6.80) 0 (–6.80 to 4.54) < .01

Current weight 83.5 (74.2 to 95.3) 83.9 (74.8 to 95.3) 75.7 (68.0 to 86.6) < .01

Weight at 1 y prior 83.5 (74.4 to 95.3) 83.9 (74.8 to 96.2) 77.1 (68.0 to 85.3) < .01

Weight at 10 y prior 80.7 (72.6 to 90.7) 81.7 (72.6 to 90.7) 76.2 (68.0 to 86.2) .025

Abbreviation: AAC, abdominal aortic calcification.
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and in long-term life among men, whereas long-term weight 
loss could also lead to the increased likelihood of AAC and 
severe AAC. Our finding suggests that stable body weight, no 
matter in the long term or short term, might be a predictor of 
a lower risk of AAC and severe AAC among men.

To our knowledge, the association between weight change 
and the development of vascular calcification is not well 
studied; current studies in this field have mainly focused on 
coronary artery calcification (CAC) and related-cardiovascular 
events, and have not addressed AAC. The presence of calcified 
plaque in the coronaries [22, 23] and also the aorta [15] is 
considered a reliable marker of atherosclerosis [24]. Among 

several vascular calcification scores [25, 26] on plain radio-
graph, the AAC score is the most reliable predictor of severe 
CAC, and can be used to predict CVD [27, 28]. Studies have 
revealed that severe CAC is related to weight loss, modest 
weight gain, and weight fluctuation [29]. BMI change during 
adolescence is an independent predictor of CAC score and 
risk of acute coronary events in adult men [30]. In several 
observational studies, investigators have reported that both 
weight gain and loss carried an excess risk for all-cause and 
CVD mortality in middle-aged and older individuals [31]; a 
similar result was found in adults with insulin-treated dia-
betes [32] in a predialysis, chronic kidney disease population 

Table 2. Multivariate linear regression analysis of weight change and abdominal aortic calcification score at each time point

Subgroup Model 1 Model 2 Model3 

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Short term, 1 y    

Weight change within 2.5 kg 0 (Reference) 0 (Reference) 0 (Reference)

Weight lost > 2.5 kg 0.19 (–0.21~0.6) .344 0.26 (–0.12~0.64) .182 0.73 (0.16~1.3) .012

2.5 kg < weight gain < 5 kg –0.48 (–1.07~0.1) .106 –0.03 (–0.58~0.53) .927 0.14 (–0.67~0.95) .736

5 kg < weight gain < 10 kg –0.67 (–1.42~0.09) .086 –0.24 (–0.96~0.48) .51 –0.05 (–1.09~0.98) .92

Weight gain > 10 kg 0.43 (–0.5~1.35) .366 0.86 (–0.01~1.73) .053 2.18 (0.91~3.45) .001

Long term, 10 y    

Weight change within 2.5 kg 0 (Reference) 0 (Reference) 0 (Reference)

Weight lost > 2.5 kg 0.44 (0.01~0.87) .044 0.49 (0.09~0.9) .017 0.62 (0.04~1.2) .036

2.5 kg < weight gain < 5 kg 0.28 (–0.25~0.81) .306 0.51 (0.01~1.01) .044 0.69 (0.02~1.37) .045

5 kg < weight gain < 10 kg –0.22 (–0.72~0.27) .376 0.32 (–0.15~0.79) .183 0.71 (0.05~1.36) .035

Weight gain > 10 kg –0.39 (–0.88~0.09) .11 0.24 (–0.23~0.7) .318 0.92 (0.21~1.64) .012

None was adjusted in model 1; model 2 included age and race; model 3 further included body mass index at 1 or 10 years prior, energy intake, physical 
activity, alcohol use, smoking status, diabetes, and hypertension, along with covariates in model 2.
Abbreviation: OR, odds ratio.

Figure 2.  Associations of abdominal aortic calcification score with 5 weight change patterns at each time point. Adjusted for age, race, body mass 
index at 1 or 10 years prior, energy intake, physical activity, alcohol use, smoking statues, diabetes, and hypertension.
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[33]. In addition, body-weight fluctuation was associated 
with an increased risk for venous thromboembolism [34], 
stroke [35], and cardiovascular events [36]. Other subclin-
ical markers of atherosclerosis, like carotid artery intima-
media thickness (IMT), were found to be associated with 
weight gain in numerous studies [37, 38], whereas there were 
contradicting results between weight loss and change in IMT  
[39-44]. However, varying associations with weight dynamics 
depending on which marker was used can explained this in-
consistency between IMT and CAC [29]. All of these seem to 
suggest that weight fluctuation appear to increase CAC and 
CVD risk. Our finding was consistent with previous studies; 
however, it remains to be researched in clinical trials whether 
maintaining a stable body weight should be recommended to 
reduce the risk of vascular calcification.

The potential mechanisms behind the association between 
weight change and the grade of AAC are not known. In people 
with weight gain, excess adipose tissue and fat tissue dysfunc-
tion can result in dysregulated secretion of adipocytokines 
[45], which leads to osteogenic differentiation of vascular 
smooth muscle cells, vascular inflammation, and abnormal 
deposition of calcium and phosphorus in the vessel wall [46]. 
In addition, obesity is related to alterations in free fatty acid 
metabolism and deposition of ectopic fat [47, 48], such as 
perivascular adipose tissue, which can lead to the pathogen-
esis of calcified atherosclerosis via paracrine pathways [49]. 
Moreover, obesity has been associated with other CVD risk 
factors such as dyslipidemia, insulin resistance [50, 51], endo-
thelial dysfunction [52, 53], and systemic oxidative stress, all 
of which are involved in the pathogenesis of calcified athero-
sclerosis [54]. As for individuals with weight loss, increased 
AAC likelihood may be due to sarcopenia. Studies have found 
that significantly more lean mass was lost with weight loss 
than was gained with weight gain, especially in older men [55, 
56]. Of note, muscle wasting and sarcopenia were previously 
associated with increased risks of metabolic disorders, cardio-
vascular risk factors, physical disability, and mortality [57]. 
Another explanation may concern the presence of a “meta-
bolically obese, normal-weight (MONW)” population, which 

is defined as lean individuals with multiple cardiometabolic 
risk factors. Members of the MONW population typically 
have the following characteristics: excessive visceral adipose 
tissue and ectopic fat deposits, adipose tissue inflammation, 
altered inflammation and adipokine profiles, decreased skel-
etal muscle mass, and low cardiorespiratory fitness [58], all of 
which may lead to vascular calcification.

However, several shortcomings need to be interpreted. 
First, the work presented here uses recalled weight from the 
remote past, although studies have shown that a bias in recall 
of past weight is smaller than that seen in recall of current 
weight [59, 60]. Second, there is a lack of baseline data on 
AAC. For analyses of individuals 10 years ago, participants 
may have already had AAC before the weight change interval; 
thus, we cannot rule out the presence of some reverse caus-
ality. Third, weight includes fat mass, lean body mass, and 
muscle mass, thus which body component changes affected 
the association with CVD risk could not be evaluated. Fourth, 
weight change does not distinguish the change of body fat 
distribution. Measuring fat distribution can help identify in-
dividuals at higher risk. Increased visceral fat can predict the 
development of AAC and other CVD risks better than total 
body fat alone.

In summary, this study suggests that stable body weight, 
no matter in the long term or short term, might be a pre-
dictor of a lower risk of AAC and severe AAC among men. 
Further studies with weight management intervention and 
a prospective study design are warranted to replicate our 
observations.
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Figure 3. Associations of severe abdominal aortic calcification score with 5 weight change patterns at each time point. Adjusted for age, race, body 
mass index at 1 or 10 years prior, energy intake, physical activity, alcohol use, smoking statues, diabetes, and hypertension.
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