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Abstract

Background and aims—Renal artery calcium (RAC) has been linked to several cardiovascular
disease (CVD) risk factors, including age, male gender, and hypertension. The purpose of this
study was to determine whether anthropometric measures of obesity are associated with presence
of RAC.

Methods—We studied 1,287 community-dwelling adults enrolled in the Multi-Ethnic Study of
Atherosclerosis. Logistic regression models adjusted for CVD risk factors were used to examine
body mass index (BMI), waist circumference (WC), hip circumference (HC), and waist-to-hip
ratio (WHR) as primary predictors of RAC.

Results—Study participants had a mean age of 67.7 years, 55.7% were female, and 36.8% were

Non-Hispanic White. Prevalence of RAC was 33.3%. WC and WHR as continuous variables were
not significant with adjustment. Subjects with high WC, as defined by World Health Organization

cut-offs, had significantly higher odds for RAC in the fully adjusted model. BMI and HC were not
significantly associated with RAC in any models.

Conclusions—In this community-based sample of older adults, higher levels of WC are
significantly associated with RAC independently of CVD risk factors. Adults who meet World
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Health Organization criteria for high WC may be at higher risk for complications of calcified
atherosclerosis in the renal arteries.

Introduction

The 2011-2012 National Health and Nutrition Examination Survey found that approximately
16.9% of youth and 34.9% of adults in the United States were diagnosed with obesity [1].
Increased weight has been linked to higher risk of hypertension, dyslipidemia, diabetes, and
cardiovascular disease (CVVD) [2-4]. Moreover, several studies have demonstrated an
association between higher anthropometric measures and subclinical atherosclerosis [5-8].

The mechanism of calcification within atherosclerotic plaque is initiated by de-
differentiation of vascular smooth muscle cells into an osteoblast/chondrocytic phenotype.
Oxidized lipids promote calcification in these vascular cells via inflammatory mediators and
recruitment of activated macrophages [9]. Both atherogenic dyslipidemia and the
proinflammatory state have been linked to obesity [4].

Renal artery calcium (RAC) has recently emerged as an indicator of subclinical
atherosclerosis. Similar to coronary artery calcium (CAC), RAC is associated with
traditional CVD risk factors such as age, male gender, and hypertension. RAC itself has also
been linked to increased risk of atherosclerotic calcification in the coronary arteries and
abdominal aorta [11-13]. Furthermore, the presence of RAC is associated with higher all-
cause mortality, independent of the presence of atherosclerotic calcium in other vascular
beds [14]. To our knowledge, no previous studies have explored an association between
different anthropometric measures of obesity and RAC. Therefore, we conducted a study to
determine whether body mass index (BMI), waist circumference (WC), hip circumference
(HC), and waist-to-hip ratio (WHR) were associated with the presence of RAC. We
hypothesized that higher levels of these anthropometric measures would be independently
associated with RAC.

Patients and methods

Subjects

Details regarding the study design and recruitment of the Multi-Ethnic Study of
Atherosclerosis (MESA) have been previously published [15]. Briefly, MESA is a
longitudinal cohort study of 6,814 community-dwelling individuals aged 45-84 years at
baseline who self-identified as Black, Chinese American, Hispanic American, or Non-
Hispanic White. Individuals with clinical evidence of CVD, history of major acute
cardiovascular event, or prior invasive procedure for CVD were excluded from the study.
Recruitment occurred at six United States communities between July 2000 and August 2002,
and enrolled participants returned for follow-up clinic examinations on three subsequent
examinations (visits 2, 3 and 4) at approximately 18 to 24-month intervals. The study
protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. All
participants provided written informed consent and the institutional review boards at the
participating community sites approved the study.
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At clinic visits 2 and 3, a random subsample of 1,978 participants from five of the six MESA
field centers were enrolled in an ancillary study to determine the extent of abdominal aortic
calcification using computed tomography [16]. Abdominal imaging from this ancillary study
was also evaluated for the presence of RAC. The data obtained on this subset of participants
comprise the analytic sample for the current study.

Data collection

Imaging

Laboratory

At all clinic visits, standardized questionnaires were used to obtain demographic, race/
ethnicity, social, and health history data. Cigarette smoking was defined as current, former or
never. Total moderate and vigorous activity in metabolic equivalent (MET)-minutes per
week was measured using a 28-item survey. Maximum education level was self-reported as
high school graduate or less, some college, or college graduate or higher. Height, weight,
and BMI were obtained using standardized measurements. Waist and hip circumferences
were measured at the level of the umbilicus and at the maximal circumference of the
buttocks, respectively, to the nearest 0.1 cm using a steel measuring tape (standard 4 oz
tension). The calculation of blood pressure was based on the average of the second and third
of three readings. Hypertension was defined as systolic blood pressure greater than or equal
to 140 mm Hg, diastolic blood pressure greater than or equal to 90 mm Hg or the current use
of an antihypertensive medication.

Electron-beam CT scanners were used at two field centers, and multidetector CT mode
scanners were used at the remaining 3 field centers. Images were reconstructed in a 35-cm
field of view with 5-mm slice thickness. All scan scores were brightness adjusted with a
standard phantom.

Noncontrast CT images were analyzed centrally using a standard protocol by the MESA CT
Reading Center. RAC was assessed at the renal ostia (right or left) or renal artery (right or
left and proximal, middle, or distal third). Calcification was identified as a plaque of =1 mm?
with a density of greater than 130 Hounsfield units and quantified using the previously
described Agatston scoring method [17].

At all clinic examinations, blood samples were obtained following a 12-hour fast. The blood
samples were assayed for total and high-density lipoprotein (HDL) cholesterol, triglycerides,
glucose, creatinine levels, C-reactive protein (CRP), Interleukin-6 (IL-6), fibrinogen, leptin,
adiponectin, TNF-a, and resistin. High-sensitivity CRP and fibrinogen were measured by
immuno-nephelometry using the BNII instrument (N High Sensitivity CRP and N
Antiserum to Human Fibrinogen; Dade Bering Inc., Deerfield, IL, USA). IL-6 was measured
by ultrasensitive ELISA (Quantikine HS Human IL-6 Immunoassay; R&D Systems,
Minneapolis, MN, USA). Leptin, adiponectin, TNF-a., and resistin were measured using
Bio-Rad Luminex flow cytometry (Millipore, Billerica, MA, USA) at the Laboratory for
Clinical Biochemistry Research (University of \Vlermont, Burlington, VT, USA).
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Dyslipidemia was defined as total cholesterol:HDL ratio greater than 5.0 or if the participant
used medication to reduce cholesterol. Diabetes was defined as fasting glucose greater than
or equal to 126 mg/dL or the use of hypoglycemic medication. Estimated glomerular
filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation [18].

Statistical analysis

Among 1,978 potential participants, there were 685 individuals who had scans that were
either incomplete or uninterpretable for renal artery calcification and were excluded from the
analysis. An additional 6 participants were missing values for the covariates and were also
excluded, resulting in a final analytic sample of 1,287 participants.

Characteristics of the population were determined with a mean and standard deviation or
median and interquartile range for continuous variables, whereas categorical variables were
summarized as a count and percentage of the study population. Testing for group differences
between those with and without any renal artery calcium was conducted using the chi-
squared test for categorical variables and using ANCOVA for continuous variables after
adjusting for age, gender and race. A non-parametric ANCOVA was performed by rank-
transforming the continuous variable and then using that rank variable as the outcome
variable in the ANCOVA. Spearman correlation coefficients were calculated to study the
relation between BMI, WC, HC, and WHR after adjusting for age, gender, and race/
ethnicity.

To determine the association between the anthropometric measures and the presence of
RAC, we utilized logistic regression and both the continuous and categorical forms of the
anthropometric variables. Categories for BMI were based on the World Health Organization
Classification System as set forth by the 1993 WHO expert committee meeting: normal (<25
kg/m?2), grade 1 overweight (25-29.9 kg/m?2), grade 2 overweight (30-39.9 kg/m?), and grade
3 overweight (=40 kg/m?) [19]. Cut-offs for categorization of WC, HC, and WHR were
based on the recommendations of the World Health Organization Expert Consultation in
2008. Waist circumference was defined as high if greater than 88 cm for females or greater
than 102 cm for males. For hip circumference, measurement greater than 104 cm for females
or greater than 113 cm for males was considered high. Furthermore, WHR was categorized
as high if greater than 0.85 for females or 0.90 for males [20]. For all regression analyses,
the initial model 1 was adjusted for age, gender and race/ethnicity. Models were
subsequently adjusted for smoking, moderate and vigorous activity level, sedentary (leisure)
level, and highest level of education completed (model 2); family history of CVD,
hypertension, dyslipidemia, diabetes mellitus, eGFR (model 3); C-reactive protein, I1L-6,
fibrinogen, leptin, adiponectin, TNF-a,, and resistin (model 4).

A two-tailed p-value <0.05 was considered statistically significant and all statistical analyses
were conducted using SPSS (Version 19.0; IBM Corp, Armonk, NY, USA).
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Among the 1,287 participants included in this study, the average age was 67.7 years (SD
9.2); 56% were female, 37% Non-Hispanic White, 14% Chinese-American, 22% African-
American, and 28% Hispanic American. The mean BMI was 28.1 kg/m? (SD 5.5), and the
mean WC was 98.1 (SD 15.1).

Approximately 33.3% of participants had a RAC score > 0 (women: 57%; men: 43%). Of
the total number of participants with RAC, Non-Hispanic White individuals comprised the
largest ethnic group (39%), followed by Hispanic (29%), African-American (20%), and
Chinese-American (12%) (Table 1).

Compared with individuals without RAC, participants with RAC were significantly older
(71.8 vs 63.5 years), more likely to be a current smoker (15% vs. 9%), and more likely to
have hypertension (68% vs. 53%), dyslipidemia (48% vs. 35%), diabetes (19% vs. 13%), or
a family history of CVD (20% vs. 13%). Moreover, those with RAC > 0 had significantly
higher WC (99.3 cm vs. 96.9 cm) and higher WHR (0.95 vs. 0.94). Presence of RAC was
also associated with a lower eGFR (75.0 vs. 77.0 mL/min/1.73 m2), and higher 1L-6 (2.2 vs.
1.2 pg/mL) and resistin (16.8 vs. 15.0 ng/mL) (Table 1). In contrast, gender, ethnicity, and
BMI were similar regardless of RAC presence.

There were significant positive correlations between the various anthropometric measures of
obesity. The strongest correlations occurred between BMI and WC (Spearman correlation
coefficient, 0.865; p<0.01), BMI and HC (Spearman correlation coefficient, 0.862; p<0.01),
and WC and HC (Spearman correlation coefficient, 0.801; p<0.01). WC and WHR were
positively correlated as well but to a lesser degree (Spearman correlation coefficient, 0.737;

£<0.01).

When analyzed as a continuous variable (1-SD increment), increasing WC was significantly
associated with RAC in models 1 (OR 1.19; 1.04-1.37) and 2 (OR 1.20; 1.05-1.38) but was
attenuated and no longer statistically significant in model 3 (OR 1.08; 0.93-1.25) (Table 2).
Similarly, WHR was significantly associated with RAC in models 1 and 2 but this
relationship was no longer significant in model 3. BMI and HC were not significantly
associated with the presence of RAC.

Table 3 displays the results of logistic regression analyses examining the independent
associations of categories of BMI, WC, HC, and WHR with the presence RAC. After
adjustment for age, gender and race/ethnicity (model 1), those with high WC had 70%
higher odds of RAC compared with those with lower WC (odds ratio [OR] 1.70; 95%
confidence interval [CI] 1.28-2.26). Full adjustment for smoking, moderate and vigorous
activity level, sedentary (leisure) level, highest level of education completed, family history
of CVD, hypertension, dyslipidemia, diabetes mellitus, eGFR, C-reactive protein, 1L-6,
fibrinogen, leptin, adiponectin, TNF-a,, and resistin (model 4) only modestly attenuated the
odds of RAC (1.54; 1.12-2.12). HC, BMI, and WHR as categorical variables were not
significantly associated with prevalent RAC.
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Discussion

In this relatively large multiethnic cohort of older individuals from five U.S. communities,
we demonstrated that only the highest category of waist circumference was associated with
the presence of any RAC. Specifically, when individuals are classified using the World
Health Organization categories for obesity, those defined as having high WC have increased
odds of RAC independent of traditional CVD risk factors and serologic markers of
inflammation. In contrast, we also found that the associations between RAC with increasing
WC and WHR as continuous variables are largely mediated by the traditional CVD risk
factors. While this finding may seem inconsistent with the categorical analysis of WC, this
discrepancy may actually reflect that the relationship between WC and presence of RAC is
non-linear. In terms of other anthropometric variables, individuals categorized as high WHR
or high BMI do not exhibit increased prevalence of RAC. In addition, BMI and HC were not
significantly associated with increased RAC, either as continuous or categorical variables.

Given that WHR is derived from WC, one may have expected both anthropometric measures
to demonstrate comparable connections with RAC. While the relationships between WC and
WHR as continuous variables with RAC were attenuated in a similar manner following
adjustment for traditional CVD risk factors, only the highest category of WC remained
significantly associated with RAC after full adjustment and the highest category of WHR did
not. This absence of an association between the category of high WHR and RAC may be
attributable to the fact that WHR cut-offs in this study were derived from predominantly
Caucasian populations. Thus, the World Health Organization categories for WHR may not
be directly applicable to the multi-ethnic population in this study [21]. In addition, this study
found that WC had a weaker correlation with WHR when compared to BMI and HC. This
may be due to the preponderance of females in this study sample, as women tend to have
parallel increases in both WC and HC over time. As a result, WC changes in women do not
significantly affect WHR as they age [22], and this may account for our finding of a
significant relationship between the highest category of WC and RAC but no such
association for a high category of WHR. A post hoc analysis of the relationship between
WHR and WC using linear regression revealed a slightly higher coefficient of determination
for males than females (0.57 vs 0.50), which further suggests that changes in WC have less
effect on WHR in women than in men in this older cohort.

In general, our results differ from previous studies that have demonstrated significant
associations between BMI and WHR with subclinical CVD. Although no prior
investigations have specifically studied RAC, there are a number of studies that explore the
relationship between anthropometric measures and CAC, a well-established marker of
subclinical atherosclerosis. For instance, while Ho et al similarly found that individuals with
W(C greater than or equal to 102 had increased risk of CAC (OR = 1.5, 95% CI 1.04-2.0),
they also determined that WHR greater than 0.95 had the strongest correspondence with
higher levels of CAC (OR = 1.6, 95% CI 1.2-2.3) in 1,054 men without prior history of
CVD [5]. Comparably, a substudy of 2,744 individuals from the Dallas Heart Study revealed
that more prevalent CAC was associated with the fifth versus first quintile of WHR
following multivariable adjustment for traditional CVD risk factors (OR = 1.91, 95% ClI
1.30-2.80). Likewise, the highest quintile of WHR was significantly associated with aortic
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plaque (OR =2.97, 95% CI 2.28-3.87) [6]. Lastly, Snell-Bergeon et al. reported that age-
adjusted continuous measurements of body mass index (BMI) (OR = 1.9, 95% CI 1.5-2.6 in
females and OR = 2.2, 95% CI 1.7-2.8 in males per one standard deviation) and WC (OR =
2.0, 95% CI 1.5-2.8 in females and OR 1.9, 95% CI 1.4-2.4 in males per one standard
deviation) were significantly related to CAC in 762 subjects asymptomatic for coronary
artery disease [7]. In contrast, the Rancho Bernardo study did not demonstrate a significant
association between BMI (OR = 1.03, 95% CI 0.77-1.39 in men and OR 1.01, 95% ClI
0.75-1.37 in women by ordinal logistic regression), WC (OR = 1.06, 95% CI1 0.79-1.43 in
men and OR 1.10, 95% CI 0.81-1.49 in women by ordinal logistic regression), and WHR
(OR =1.21, 95% CI 0.91-1.62 in men and OR 1.22, 95% CI 0.88-1.63 in women by ordinal
logistic regression) with CAC, which is more consistent with the findings of this study.
Compared with the current investigation, the Rancho Bernardo study population was less
ethnically diverse and consisted of elderly, middle to upper-middle class Caucasian
individuals with regular access to health care [23].

Our study advances the literature regarding RAC in several important ways. First, to our
knowledge this is the first study to examine the relationship between obesity and RAC.
Second, we demonstrated that the relationship between continuous measurement of WC
with the presence of RAC is confounded by family history of CVD and mediated by
hypertension, diabetes mellitus, dyslipidemia, and eGFR. Third, in addition to traditional
demographic and CVD risk factors, we included adjustments for smoking, moderate and
vigorous activity level, sedentary (leisure) level, highest level of education completed, and
various serologic markers of inflammation and found that the association between high
categories of WC and prevalent RAC is independent of these factors.

Several limitations were also present. Due to the cross-sectional nature of this study,
causality in the relationship between obesity and RAC cannot be clearly determined.
Second, a significant proportion of patients without sufficient visualization of the renal
arteries was excluded, which could lead to potential bias of the results. Individuals with
missing data were younger (61.6 vs 67.7 years), more likely to be male (59.2 vs 44.0%),
Non-Hispanic White (47.1 vs 37.0%), and have a higher BMI (28.5 vs 28.1). With the
exception of younger age, these factors are traditionally associated with higher risk of
atherosclerosis, suggesting that our results for RAC may actually be underestimated. Lastly,
the study population consisted of individuals without clinically apparent CVD aged 45-84
years. Because of this, results may not be generalized to all other populations.

The emergence of RAC as a marker of atherosclerosis carries several implications for
clinical practice. On the subclinical level, presence of RAC likely reflects unique local
changes within the renal vasculature as evidenced by previously established links between
RAC with hypertension [11] and with increased all-cause mortality independent of
atherosclerosis in othervascular beds [14]. Given the association between the highest
category of waist circumference and RAC in the current study, adults with elevated waist
circumference may be at high risk for developing complications of RAC. Regardless of the
presence of pre-existing radiographic evidence for renal artery calcification, older
individuals with increased waist circumference may benefit from treatment specifically
targeted toward the effects of calcification within the renal arteries.

Atherosclerosis. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ricalde et al.

Page 8

Acknowledgments

Financial support: This research was supported by contracts HHSN2682015000031, N01-HC-95159, NO1-
HC-95160, N01-HC-95161, N01-HC-95162, N01-HC-95163, N01-HC-95164, N01-HC-95165, N01-HC-95166,
N01-HC-95167, NO1-HC-95168 and NO1-HC-95169 from the National Heart, Lung, and Blood Institute and by
grants UL1-TR-000040 and UL1-TR-001079 from NCRR. Additional support from the American Federation for
Aging Research and the Medical Student Training in Aging Research Program at the University of California, San

Diego.
The authors thank the other investigators, the staff, and the participants of the MESA study for their valuable
contributions. A full list of participating MESA investigators and institutions can be found at http://www.mesa-
nhlbi.org.

References
1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of Childhood and Adult Obesity in the

10

11.

12.

13.

14.

15.

United States, 2011-2012. JAMA. 2014; 311(8):806-814. [PubMed: 24570244]

. Jones DW. Body weight and blood pressure. Effects on weight reduction on hypertension. Am J

Hypertens. 1996; 9(8):50s-54s. [PubMed: 8862237]

. Khaodhiar L, Cummings S, Apovian CM. Treating diabetes and prediabetes by focusing on obesity

management. Curr Diab Rep. 2009; 9:348-354. [PubMed: 19793504]

. Grundy SM. Obesity, metabolic syndrome, and cardiovascular disease. J Clin Endocrinol Metab.

2004; 89(6):2595-2600. [PubMed: 15181029]

. Ho JS, Cannaday JJ, Barlow CE, Willis B, Haskell WL, FitzGerald SJ. Comparative Relation of

General, Central, and Visceral Adiposity Measures for Coronary Artery Calcium in Subjects
Without Previous Coronary Events. Am J Cardiol. 2009; 104:943-6. [PubMed: 19766761]

. See R, Abdullah SM, McGuire DK, Khera A, Patel MJ, Lindsey JB, Grundy SM, de Lemos JA. The

Association of Differing Measures of Overweight and Obesity With Prevalent Atherosclerosis: The
Dallas Heart Study. J Am Coll Cardiol. 2007; 50:752-9. [PubMed: 17707180]

. Snell-Bergeon JK, Hokanson JE, Kinney GL, Dabelea D, Ehrlich J, Eckel RH, Ogden L, Rewers M.

Measurement of abdominal fat by CT compared to waist circumference and BMI in explaining the
presence of coronary calcium. Int J Obesity. 2004; 28:1594-9.

. Burke GL, Bertoni AG, Shea S, Tracy R, Watson KE, Blumenthal RS, Chung H, Carnethon MR.

The impact of obesity on cardiovascular disease risk factors and subclinical vascular disease: the
multi-ethnic study of atherosclerosis. Arch Int Med. 2008; 168(9):928-935. [PubMed: 18474756]

. Chen NX, Moe SM. Vascular Calcification: Pathophysiology and Risk Factors. Curr Hypertens Rep.

2012; 14:228-237. [PubMed: 22476974]

. Stary HC. The development of calcium deposits in atherosclerotic lesions and their persistence
after lipid regression. Am J Cardiol. 2001; 88(2-A):16E-19E.

Allison MA, Lillie EO, DiTomasso D, Wright CM, Criqui MH. Renal Artery Calcium Is
Independently Associated With Hypertension. J Am Coll Cardiol. 2007; 50:1578-83. [PubMed:
17936157]

Freedman BI, Hsu FC, Langefeld CD, Bowden DW, Moosavi S, Dryman BN, Carr JJ. Renal artery
calcified plague associations with subclinical renal and cardiovascular disease. Kidney Int. 2004;
65:2262-7. [PubMed: 15149339]

Allison MA, DiTomasso D, Criqui MH, Langer RD, Wright CM. Renal artery calcium:
relationship to systemic calcified atherosclerosis. Vasc Med. 2006; 11:232-8. [PubMed:
17390546]

Rifkin DE, Ix JH, Wassel CL, Criqui MH, Allison MA. Renal Artery Calcification and Mortality
Among Clinically Asymptomatic Adults. J Am Coll Cardiol. 2012; 60:1079-1085. [PubMed:
22939556]

Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, et al. Multi-ethnic study
of atherosclerosis: objectives and study design. Am J Epidemiol. 2002; 156:871-881. [PubMed:
12397006]

Atherosclerosis. Author manuscript; available in PMC 2019 April 01.


http://www.mesa-nhlbi.org
http://www.mesa-nhlbi.org

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ricalde et al.

16.

17.

18.

19.

20.

21.

22.

23.

Page 9

Criqui MH, Kamineni A, Allison MA, Ix JH, Carr JJ, Cushman M, et al. Risk factor differences for
aortic versus coronary calcified atherosclerosis: the multiethnic study of atherosclerosis.
Arterioscler Thromb Vasc Biol. 2010; 30:2289-2296. [PubMed: 20814018]

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano R. Quantification of
coronary artery calcium using ultrafast computed tomography. J Am Coll Cardiol. 1990; 15:827-
832. [PubMed: 2407762]

Levey AS, Stevens LA. Estimating GFR using the CKD Epidemiology Collaboration (CKD-EPI)
creatinine equation: more accurate GFR estimates, lower CKD prevalence estimates, and better
risk predictions. Am J Kidney Dis. 2010; 55:622—627. [PubMed: 20338463]

World Health Organization. [accessed 04/01/16] Physical status: the use and interpretation of
anthropometry: report of a WHO Expert Committee. http://apps.who.int/iris/bitstream/
10665/37003/1/WHO_TRS_854.pdf

World Health Organization. Waist circumference and waist-Hip Ratio: report of a WHO expert
consultation. Geneva: Dec 8-11. 2008 http://apps.who.int/iris/bitstream/
10665/44583/1/9789241501491_eng.pdf [accessed 04/01/16]

Huxley R, Mendis S, Zheleznyakov E, Redd S, Chan J. Body mass index, waist circumference and
waist-hip ratio as predictors of cardiovascular risk—a review of the literature. Eur J Clin Nutr.
2010; 64:16-22. [PubMed: 19654593]

Stevens J, Katz EG, Huxley RR. Associations between gender, age and waist circumference. Eur J
Clin Nutr. 2010; 64:6-15. [PubMed: 19738633]

Kim DJ, Bergstrom J, Barrett-Connor E, Laughlin G. Visceral adiposity and subclinical coronary
artery disease in elderly adults: Rancho Bernardo Study. Obesity. 2008; 16(4):853-858. [PubMed:
18356852]

Atherosclerosis. Author manuscript; available in PMC 2019 April 01.


http://apps.who.int/iris/bitstream/10665/37003/1/WHO_TRS_854.pdf
http://apps.who.int/iris/bitstream/10665/37003/1/WHO_TRS_854.pdf
http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng.pdf
http://apps.who.int/iris/bitstream/10665/44583/1/9789241501491_eng.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ricalde et al.

Page 10

Highlights

. High waist circumference as categorized by the World Health Organization is
associated with increased odds of renal artery calcification independent of
traditional cardiovascular disease risk factors and serologic markers of
inflammation

. Body mass index and hip circumference were not significantly associated
with increased renal artery calcification

. The relationships between increasing waist circumference and waist-hip ratio
as continuous variables with renal artery calcium are largely mediated by
traditional cardiovascular disease risk factors, suggesting a non-linear
relationship between waist circumference and renal artery calcium
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