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Abstract

Hypertension (HTN) is a modifiable risk factor for cardiovascular disease (CVD). Renal artery
calcium (RAC) may signal the presence of flow-limiting atherosclerotic disease that may
contribute to changes in the kidney’s regulation of blood pressure. We hypothesized that RAC is
independently associated with HTN. We examined a multi-ethnic cohort of 1,285 participants who
underwent abdominal computed tomography (CT) scans in five US communities. After
adjustment for age, gender, race/ethnicity, CVD risk factors, abdominal aortic calcium score and
kidney function, the presence of RAC was associated with a 50% higher odds of HTN (OR: 1.54;
95% CI 1.11-2.13). Similarly, the presence of RAC was associated with a 8.5-mmHg higher
systolic blood pressure (SBP), a 2.1 mmHg higher diastolic blood pressure (DBP), and a 7.4-
mmHg higher pulse pressure (PP). In conclusion, independent of CVD risk factors, abdominal
aortic calcium, and kidney function, the presence of RAC is associated with HTN prevalence.
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INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause of mortality among Americans,
accounting for one-third of all deaths in the U.S.1 Of the modifiable risk factors for CVD,
hypertension (HTN) has been estimated to account for 18% of the population attributable
risk for first myocardial infarction.2-3 Furthermore, chronic kidney disease (CKD) is a strong
risk factor for both HTN and CVD,* and HTN is a leading cause of CKD in the U.S, second
only to diabetes as a factor in the progression to end-stage renal disease (ESRD).57

Renal mechanisms appear to play a primary role in the pathophysiology of blood pressure
elevation.® Calcified atherosclerotic plaques can be detected and quantified using computed
tomography (CT).%-12 In the coronary arteries, the degree of arterial calcification is highly
correlated with atherosclerotic plaque burden.13-15 While significant atherosclerosis of the
renal artery can lead to flow-limiting stenosis and the development of renovascular HTN,
subclinical atherosclerosis of the renal arteries may also be associated with changes in blood
pressure regulation. Even if not flow limiting, it is possible that calcification within the renal
arteries marks the burden of small vessel vascular disease within the kidney, which in turn
may lead to salt and water retention and resultant HTN. However, whether or not RAC is
associated with HTN is uncertain.

To our knowledge, only two prior studies have examined the relationship of RAC with
HTN. Both showed that renal artery calcium (RAC) was associated with a higher prevalence
of HTN.16.17 However, these studies evaluated predominantly Caucasian populations:
whether these associations extend to different race/ethnicities is uncertain. Furthermore, it
remains uncertain if the association of RAC with HTN is independent of kidney function in
a multiethnic cohort. Given this, the present study aimed to examine the cross-sectional
association of RAC with HTN in a community-living, multi-ethnic cohort, and to determine
if such associations persist when accounting for traditional CVD risk factors, calcification of
non-renal vasculature, and kidney function. As a secondary objective, this study aims to
examine the association of RAC with different components of blood pressure, including
systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse pressure (PP).

METHODS

Participants

Between August 2000 and July 2002, 6,814 men and women ages 45-84 years were
recruited from six US communities to participate in the Multi-Ethnic Study of
Atherosclerosis (MESA), a population-based longitudinal study aimed at examining
subclinical CVD and the progression to clinical disease. Men and women were eligible to
participate if they self-identified as African-American, Chinese-American, Caucasian, or
Hispanic and had no known clinical CVD at baseline. Complete methods have been
previously published.18

Participants for this analysis consisted of 1,959 MESA subjects who were randomly selected
from five of the MESA field centers (Chicago, Illinois; Forsyth County, North Carolina; Los
Angeles County, California; New York, New York; and St. Paul, Minnesota) to participate
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in the MESA Abdominal Aortic Calcium Study during which abdominal computed
tomography (CT) scans were conducted at clinic exams 2 or 3 (July 2002 — July 2005).19
This study was approved by the institutional review boards at all field centers, and all
participants gave informed consent prior to participation.

Data for this study were collected during clinic visits 2 or 3 (corresponding to the visit when
the abdominal CT was conducted). Demographic and behavioral information, including age
and smoking, were collected via a self-administered questionnaire, while trained
interviewers collected information on medication usage and medical history.

Trained study staff took blood pressure and anthropometric measurements. Three blood
pressure measurements were taken after the participant was seated quietly for 5 minutes
using a Dinamap® automated blood pressure device (Dinamap Monitor Pro 100®, Critikon,
Inc., Tampa, FL); the average of the 2" and 3" measurements was used for analysis. PP
was calculated as SBP —-DBP. HTN was defined as SBP = 140 mmHG or DBP = 90 mmHG,
or current use of antihypertensive medication. Pack-years of smoking was calculated as (the
number of cigarettes smoked per day/20) multiplied by the number of years smoked.
Anthropometric measurements were taken with participants wearing light clothes and no
shoes. Body mass index (BM1) was calculated as weight (kg)/height (m?).

Blood sample collection and processing was performed according to a standardized
protocol. Venipuncture was conducted by trained phlebotomists among participants in a 12-
hour fasting state for measurement of serum creatinine and lipid profiles. Dyslipidemia was
defined as total cholesterol-to-high-density lipoprotein (HDL) ratio> 5 or use of a lipid-
lowering medication.2921 Diabetes status was determined based on 2003 American Diabetes
Association criteria: fasting blood glucose of = 7-mmol/L (126-mg/dl) or current insulin or
oral hypoglycemic medication usage.22 Estimated glomerular filtration rate (eGFR) was
calculated from serum creatinine and demographic variables using the Chronic Kidney
Disease Epidemiology Collaboration equation.?% Urine was collected for albumin and
creatinine, which were used to calculate the urinary albumin to creatinine ratio (UACR).

Given its anatomic proximity to the renal arteries and its association with CVD mortality
and calcification in other vascular beds, abdominal aorta calcification was included as a
marker of system vascular atherosclerotic calcification.2425 The presence and extent of
calcification in the abdominal aorta and the left and right renal arteries were measured using
abdominal CT scans conducted using electron-beam CT (EBCT) scanners (Imatron C-150;
Imatron, Inc., San Francisco, California) or prospective electrocardiogram-triggered
scanners (Siemens S4+ Volume Zoom; Siemens, Erlanger, Germany; and General Electric
Hi Speed LX, GE Medical Systems, Milwaukee, Wisconsin). The distal 15 cm of the
abdominal aorta terminating at the aortic bifurcation was scanned. The L5-S1 intervertebral
disc space was identified on scout films to approximate the level of the aortic bifurcation.

CT images were centrally reviewed by trained study technologists at the MESA CT Reading
Center (Los Angeles, California). Calcified foci were defined as those regions with a density
of >130 Hounsfield units (HU) and an area of >3 contiguous pixels (1.0-mm?). Total RAC
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scores were calculated by summing left and right renal ostia Agatston scores and left and
right renal artery Agatston scores. Calcium in the abdominal aorta was scored using an 8-cm
segment of the distal abdominal aorta ending at the aortic bifurcation. Calcium in the
descending thoracic aorta was scored using the segment of thoracic aorta extending from the
lower edge of the pulmonary artery to the cardiac apex. Calcium in the ascending aorta was
scored using the segment of the thoracic aorta extending from the aortic annulus to the lower
edge of the pulmonary artery. The aortic arch was not visualized. All calcium scores were
quantified using Agatston methodology.®

Statistical Analysis

Descriptive statistics were computed for all variables, including mean and standard
deviation or median and interquartile range (IQR) for continuous measures; and frequency
and percentage for categorical measures. Differences between those with any RAC (RAC
>0) and those with no RAC (RAC=0) were examined using chi-square tests for categorical
variables, or parametric t-tests or non-parametric Wilcoxon rank-sum tests for continuous
variables.

RAC was examined both as a dichotomous variable (RAC>0 vs RAC=0) and, among those
with RAC > 0, as a continuous variable. Logistic regression was used to examine the
association of RAC with HTN. A sequence of models was evaluated. An initial model
adjusted for age, gender and race/ethnicity; Model 2 adjusted for model 1 covariates plus
traditional CVD risk factors (BMI, pack years of smoking, diabetes, dyslipidemia and family
history of CVD) and abdominal aorta calcium (AAC) score; Model 3 adjusted for model 2
covariates plus measures of kidney function (eGFR and UACR). The descending thoracic
aorta calcium (DTAC) score was substituted in place of the AAC score in Models 2 and 3 to
assess for possible associations of thoracic aortic calcification on blood pressure regulation.

To further examine associations with blood pressure, additional analyses were conducted
between RAC and three continuous blood pressure (BP) outcome measures: SBP, DBP and
PP. Since participants taking anti-hypertensive medication may have had some of the
highest “underlying” blood pressures, but may have quite low observed BP, censored
normal regression (CNR) was used to examine the association of RAC with the continuous
blood pressure measures.26 CNR assumes right censoring of observed blood pressure
measures among individuals taking antihypertensive medication and is a technique for
adjusting for the treatment effects of medication usage.

Interactions between RAC and gender, as well as RAC and race/ethnicity were investigated
with p<0.10 considered to be significant. A post-hoc power estimation for each race/
ethnicity was performed based on a 2-sided chi-square test for two independent proportions
and a 0.05 type I error rate. In all subgroups, the sample sizes are sufficient to detect a
difference with over 90% power.

Data were analyzed using SAS 9.3 (Cary, NC); analyses were two-tailed with p<0.05
considered statistically significant for all primary analyses except for interaction terms.

J Am Soc Hypertens. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al. Page 5

RESULTS

A total of 1,959 participants underwent abdominal CT scans at visits 2 or 3, of which 1,285
had scans that continued cephalad enough to contain the renal arteries and were included in
the analysis. Overall, the average age was 66.3 years (standard deviation [SD] 9.6); 54.8%
were female, 36.8% Caucasian, 14.1% Chinese-American, 21.4% African-American and
27.7% Hispanic American. The prevalence of HTN was 55.4%, and 46.7% were taking one
or more medications for HTN.

Approximately 33% of participants had RAC > 0 (women: 33.6%; men: 32.2%). Caucasians
had the highest prevalence of RAC (38.0%), followed by Hispanics (31.1%), Chinese-
Americans (30.0%), and African-Americans (28.7%). Among those with any RAC (RAC >
0), the median Agatston score was 63.9 (interquartile range [IQR] 17.1 — 179.9) (Table 1).

Compared to those with no RAC, those with RAC>0 were significantly older, had greater
pack-years of smoking, were more likely to have dyslipidemia, diabetes and a family history
of CVD, and a larger proportion were Caucasian. Moreover, those with RAC > 0 had
significantly higher SBP, lower DBP, and higher PP in unadjusted analysis, and a larger
percentage were classified as hypertensive and taking antihypertensive medications. RAC >
0 was also associated with a lower eGFR, higher UACR and a greater AAC (Table 1). In
contrast, gender and BMI were similar irrespective of RAC presence.

Figure 1 displays the results of logistic regression analyses examining the association of
RAC and HTN. After adjustment for age, gender, race/ethnicity, CVD risk factors, and AAC
(model 2), those with RAC>0 had 60% higher odds of HTN compared to those with no RAC
(OR 1.61; 95% CI 1.12 — 2.21). Additional adjustment for eGFR and UACR (model 3) only
modestly attenuated the odds of HTN (1.54; 1.11 — 2.13). When adjusting for DTAC instead
of AAC in Models 2 and 3, the presence of RAC was significantly associated with HTN
(OR 1.61[95% CI 1.19-2.18] and OR 1.56 [95% CI 1.14 to 2.12], respectively).

When analyzed as a continuous variable (1-SD increment), increasing severity of RAC was
significantly associated with HTN in model 1 (1.22; 1.07 — 1.40), but was attenuated and
rendered no longer statistically significant in models 2 (1.12; 0.99 — 1.28) and 3 (1.11; 0.97
—1.27). This attenuation was primarily driven by the abdominal aorta calcium score.

The association of RAC with HTN was similar by race/ethnicity (p interaction=0.61),
however point estimates were highest in African Americans and lowest in Caucasians and
Hispanics (Table 2). The association of RAC and HTN was similar by sex (p
interaction=0.17, Table 3).

Table 4 shows the results of CNR analyses examining the association of RAC and BP taking
into account the use of HTN medication. After adjusting for age, gender, race, and CVD risk
factors, and AAC (model 2), the presence of RAC was associated with 9.5 mmHg higher
SBP, 2.6 mmHg higher DPB, and 8.1 mmHg higher PP. These associations remained
statistically significant after further adjustment of eGFR and UACR (model 3). When
analyzed as a continuous variable, increasing severity of RAC was significantly associated
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with higher SBP (B 1.5; 95% CI 0.0 — 3.1) and PP ( 1.2; 0.00 — 2.4) in model 2 but not in
model 3.
DISCUSSION

In this relatively large multi-ethnic cohort of middle to older aged men and women in five
US communities, we demonstrate that RAC is independently associated with HTN after
adjustments for CVD risk factors, AAC, and kidney function. Results were similar in men
and women and across different races/ethnicities. Associations of the severity of RAC with
blood pressure had similar point estimates, but was not statistical significant in fully
adjusted models.

In this study we report an association between RAC and HTN while accounting for eGFR
and UACR, suggesting that these markers of kidney function do not significantly confound
the association of RAC with HTN. Furthermore, RAC is associated with HTN when
adjusted for AAC and DTAC, suggesting that beyond its association with systemic
atherosclerosis,1” RAC may signal local changes in the renal vasculature that may be linked
to HTN.

The prevalence of RAC found in the current study is similar to that found in the
Framingham Heart Study, which estimated a 28.2% prevalence of RAC among a
community-based population of 2,699 predominantly Caucasian participants of similar age
to the MESA cohort.16 Another study among a clinical-based population of 1,435
predominantly Caucasian participants in San Diego who were free of prevalent CVD
estimated a 17.1% prevalence of RAC.17 The twofold increase in prevalence seen in our
study compared to the San Diego cohort could be due to our population being older, having
higher average BMI, higher prevalence of diabetes and HTN, and not being self-referred.
Despite differences in prevalence estimates and ethnic distributions, all three populations
reported higher odds of HTN among those with RAC.

Our study adds to the literature in several important ways. First, by adjusting for eGFR and
UACR, we have demonstrated that RAC is associated with HTN independent of changes in
these markers of kidney function. Second, in this multi-ethnic cohort, RAC was more
prevalent in whites, but the association of RAC with HTN appeared smallest in this racial
group. Third, we had the opportunity to adjust for calcification in the abdominal aorta as a
marker of the burden and severity of systemic calcific atherosclerosis, and found that RAC
remained associated with HTN nonetheless. This finding suggests that the relationship of
RAC with HTN may be specific to alterations within the renal artery or renal parenchyma.

The presence and extent of RAC identified via non-invasive CT scan may be a marker of
subclinical atherosclerosis within the renal vasculature. As a reflection of arteriosclerosis of
the renal arteries, RAC may be linked to local renal vasoconstriction, with the subsequent
up-regulation of the renin-angiotensin system and an increase in blood pressure.27:28
Alternatively, RAC may mark the burden of atherosclerosis within the kidney.

Despite several strengths of our study, it also has important limitations. The cross-sectional
nature of this analysis precludes the possibility of determining temporal relations between
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the RAC and the development of HTN. Although, there are valid biological mechanisms that
could explain how RAC may lead to HTN, animal models and longitudinal data are required
to examine these hypotheses more fully. The effect of arterial calcification in other vascular
beds was not evaluated in this study. A significant proportion of patients without
visualization of the renal arteries on abdominal CT were excluded, potentially biasing the
results of this analysis. In examining the association between RAC and continuous BP
measures, there is the potential for treatment bias due to lower observed BP measures among
those taking antihypertensive medications. We used CNR to adjust for the treatment effect
of medication use, which has been reported to be a reasonable approach to adjust for
antihypertensive medication use.26 Nevertheless, the effect of medication use would have
been a reduction in the effect sizes observed towards the null making our estimates
conservative. The types of anti-hypertensive, diabetic, and dyslipidemic medications were
not considered in this study. Finally, MESA recruited persons without clinically apparent
CVD, and age 45-84. Whether results generalize to other settings is presently uncertain.

This population-based study confirms previous reports of an association between RAC and
HTN independent of CVD risk factors. Our study advances the literature by demonstrating
that this association persists even after the adjustment of eGFR and UACR, is not
meaningfully attenuated when accounting for atherosclerosis in the abdominal aorta, and
demonstrates that the association may differ by racial group. These data suggest that local
effects of RAC in the renal vasculature may contribute to development of HTN and supports
future studies to evaluate mechanisms. Such mechanisms may ultimately provide new
opportunities for prevention or treatment of HTN in community-living individuals.

Acknowledgments

This research was supported by contracts NO1-HC-95159, N01-HC-95160, N01-HC-95161, N01-HC-95162, NO1-
HC-95163, N01-HC-95164, N01-HC-95165, N01-HC-95166, N01-HC-95167, N01-HC-95168 and N01-HC-95169
from the National Heart, Lung, and Blood Institute and by grants UL1-TR-000040 and UL1-RR-025005 from
NCRR. Additional support was provided for M.A.A by National Institute of Diabetes and Digestive and Kidney
Disease grant R01-DK-080015 and for D.E.R. by grant K23-DK-091521. 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. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2013 update: a report
from the American Heart Association. Circulation. 2013; 127(1):e6—e245. [PubMed: 23239837]

2. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual blood
pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61
prospective studies. Lancet. 2002; 360(9349):1903-1913. [PubMed: 12493255]

3. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): case-control study. Lancet. 2004;
364(9438):937-952. [PubMed: 15364185]

4. Sarnak MJ, Levey AS, Schoolwerth AC, et al. Kidney disease as a risk factor for development of
cardiovascular disease: a statement from the American Heart Association Councils on Kidney in
Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and Epidemiology and
Prevention. Circulation. 2003; 108(17):2154-2169. [PubMed: 14581387]

5. Hsu CY, McCulloch CE, Darbinian J, Go AS, Iribarren C. Elevated blood pressure and risk of end-
stage renal disease in subjects without baseline kidney disease. Arch Intern Med. 2005; 165(8):923—
928. [PubMed: 15851645]

J Am Soc Hypertens. Author manuscript; available in PMC 2017 February 01.


http://www.mesa-nhlbi.org

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Page 8

. Collins AJ, Kasiske B, Herzog C, et al. Excerpts from the United States Renal Data System 2003

Annual Data Report: atlas of end-stage renal disease in the United States. Am J Kidney Dis. 2003;
42(6 Suppl 5):A5-7. [PubMed: 14655179]

. Fox CS, Larson MG, Leip EP, Culleton B, Wilson PWF, Levy D. Predictors of new-onset kidney

disease in a community-based population. JAMA. 2004; 291(7):844-850. [PubMed: 14970063]

. Guyton AC. Blood pressure control--special role of the kidneys and body fluids. Science. 1991;

252(5014):1813-1816. [PubMed: 2063193]

. 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(4):827-
832. [PubMed: 2407762]

10. Stary HC. Natural history of calcium deposits in atherosclerosis progression and regression. Z

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kardiol. 2000; 89(Suppl 2):28-35. [PubMed: 10769401]

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.

Stary HC, Chandler AB, Dinsmore RE, et al. A definition of advanced types of atherosclerotic
lesions and a histological classification of atherosclerosis. A report from the Committee on
Vascular Lesions of the Council on Arteriosclerosis, American Heart Association. Arterioscler
Thromb Vasc Biol. 1995; 15(9):1512-1531. [PubMed: 7670967]

Sangiorgi G, Rumberger JA, Severson A, et al. Arterial calcification and not lumen stenosis is
highly correlated with atherosclerotic plaque burden in humans: a histologic study of 723 coronary
artery segments using nondecalcifying methodology. J Am Coll Cardiol. 1998; 31(1):126-133.
[PubMed: 9426030]

Rifkin RD, Parisi AF, Folland E. Coronary calcification in the diagnosis of coronary artery disease.
Am J Cardiol. 1979; 44(1):141-147. [PubMed: 453039]

SOLBERG LA, EGGEN DA. Localization and Sequence of Development of Atherosclerotic
Lesions in the Carotid and Vertebral Arteries. Circulation. 1971; 43(5):711-724. [PubMed:
5578847]

Roseman DA, Hwang SJ, Manders ES, et al. Renal Artery Calcium, Cardiovascular Risk Factors,
and Indexes of Renal Function. Am J Cardiol. 2014; 113(1):156-161. [PubMed: 24210678]

Allison MA, Lillie EO, DiTomasso D, Wright CM, Criqui MH. Renal Artery Calcium Is
Independently Associated With Hypertension. J Am Coll Cardiol. 2007; 50(16):1578-1583.
[PubMed: 17936157]

Bild DE, Bluemke DA, Burke GL, et al. Multi-ethnic study of atherosclerosis: objectives and
design. Am J Epidemiol. 2002; 156(9):871-881. [PubMed: 12397006]

Criqui MH, Kamineni A, Allison MA, et al. Risk factor differences for aortic versus coronary
calcified atherosclerosis: the multiethnic study of atherosclerosis. Arterioscler Thromb Vasc Biol.
2010; 30(11):2289-2296. [PubMed: 20814018]

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(12):1079-1085. [PubMed:
22939556]

Natarajan S, Glick H, Criqui M, Horowitz D, Lipsitz SR, Kinosian B. Cholesterol measures to
identify and treat individuals at risk for coronary heart disease. American journal of preventive
medicine. 2003; 25(1):50-57. [PubMed: 12818310]

Genuth S, Alberti KG, Bennett P, et al. Follow-up report on the diagnosis of diabetes mellitus.
Diabetes care. 2003; 26(11):3160-3167. [PubMed: 14578255]

Stevens LA, Schmid CH, Greene T, et al. Comparative performance of the CKD Epidemiology
Collaboration (CKD-EPI) and the Modification of Diet in Renal Disease (MDRD) Study equations
for estimating GFR levels above 60 mL/min/1.73 m2. Am J Kidney Dis. 2010; 56(3):486-495.
[PubMed: 20557989]

Criqui MH, Denenberg JO, McClelland RL, et al. Abdominal aortic calcium, coronary artery
calcium, and cardiovascular morbidity and mortality in the Multi-Ethnic Study of Atherosclerosis.
Avrterioscler Thromb Vasc Biol. 2014; 34(7):1574-1579. [PubMed: 24812323]

Allison MA, Criqui MH, Wright CM. Patterns and risk factors for systemic calcified
atherosclerosis. Arterioscler Thromb Vasc Biol. 2004; 24(2):331-336. [PubMed: 14656730]

J Am Soc Hypertens. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Thomas et al. Page 9

26. Tobin MD, Sheehan NA, Scurrah KJ, Burton PR. Adjusting for treatment effects in studies of
quantitative traits: antihypertensive therapy and systolic blood pressure. Stat Med. 2005; 24(19):
2911-2935. [PubMed: 16152135]

27. Reudelhuber, T. Renin. In: Oparil, S.; Weber, M., editors. Hypertension - A Companion to
Brenner’s and Rector’s The Kidney. Philadelphia: Elsevier; 2005. p. 89-94.

28. Oparil S, Zaman MA, Calhoun DA. Pathogenesis of Hypertension. Ann Intern Med. 2003; 139(9):
761-776. [PubMed: 14597461]

J Am Soc Hypertens. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Thomas et al.

Page 10

»  Hypertension (HTN) is a common risk factor for cardiovascular disease

e Renal artery calcification (RAC) is associated with HTN in a multi-ethnic
cohort

» RAC may signal atherosclerosis that contributes to the kidney’s regulation of
HTN
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Model 3: age, gender, race/ethnicity, BMI, pack year of smoking, diabetes, dyslipidemia family history of CVD, abdominal aorta calcium score, <GFR and UACR

“Per 100 unit increase in RAC Agatston score

Figure 1.

Adjusted Odds Ratios (OR) and 95% Confidence Intervals (CI) Examining the Association

of RAC with HTN
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