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Study Purpose and Rationale 
Although RA is associated with pain and morbidity, RA patients also have high rates of cardiovascular 
disease (CVD)1, and it is a significant cause of mortality.2 This is thought to be mediated through 
inflammation, as RA is a highly inflammatory state.3 RA patients also have a higher prevalence of 
psychosocial morbidities and these cause significant burden both to quality of life/disease severity and 
healthcare costs.4,5 Rates of depression are especially high, and multiple studies have estimated the 
prevalence of depression in RA patients to be about 15%,6,7as compared to 6.6% in the general 
population.8 Psychosocial comorbidities, such as depression, are also associated with risk for CVD.9,10 
This is also thought to be mediated through inflammation.11,12 Interestingly, RA patients are often 
younger and lack traditional risk factors associated with CVD.13 Some studies have found that RA 
patients have a high burden of atherosclerosis in the carotids, and Carotid thickness is a good predictor 
of CVD risk in RA patients.14,15 However, the association between psychosocial comorbidities and CVD in 
RA patients is still unclear, and few studies have investigated the role of psychosocial comorbidities as 
additional cardiac risk factors in RA patients  
 
Questions: 

 Is depression more common in RA patients? 

 Is depression associated with internal carotid artery (ICA) and common carotid artery (CCA) 
intimal thickness? 

 Does this association vary between patients with RA and controls? If so, is the interaction 
significant? 

 
Hypothesis: 
Depression will be more common in RA patient, and it will be associated with increased carotid artery 
thickness, with a larger effect in RA patients.  
 
Study Design and Statistical Analysis 
This is a cross-sectional analysis of the association between depression and carotid artery thickness (ICA 
and CCA) in patients with RA as compared to controls without RA derived from the MESA (Multi-Ethnic 
Study of Atherosclerosis) cohort. 
 
ESCAPE RA (Evaluation of Subclinical Cardiovascular disease And Predictors of Events in Rheumatoid 
Arthritis) is a cohort study of the prevalence, progression, and risk factors for subclinical CVD in men and 
women with RA.16 It was designed with identical inclusion and exclusion criteria (except for the diagnosis 
of RA) to those of the Multi-Ethnic Study of Atherosclerosis (MESA), a population-based cohort study of 
subclinical CVD with similar objectives.  One-hundred ninety-five RA participants were recruited from 
the Johns Hopkins Arthritis Clinic and by referral from local rheumatologists from October 2004 through 
May 2006. Informed consent was obtained from all participants, and the study was approved by the 
Institutional Review Board of the Johns Hopkins Hospital.   
 
The controls without RA were selected from MESA participants enrolled in the Baltimore Field Center.  
Frequency matching was used to select a control group with similar demographic characteristics as the 



Liu, Ying 
 

2 
 

RA group, using sixteen substrata defined by gender (male/female), age (9 year increments), and race 
(black/white).   A description of MESA design and methods has been published previously.17  In brief, 
MESA enrolled a multiethnic cohort of 6,814 participants aged 45-84 years without clinically apparent 
CV disease from six U.S. communities between 2000 and 2002, among whom 1,086 were enrolled by the 
Johns Hopkins (Baltimore) Field Center.  MESA participants who reported use of disease-modifying anti-
rheumatic drugs (DMARDs) that are typically used for the treatment of RA were excluded as potential 
controls.  A total of one hundred ninety-eight MESA controls were available for the analyses.    
 
Sample Size Calculations 
In a previous study, investigators found ICA thickness in the RA population to range from 1.15-1.16mm 
and in the control study from 1.02-1.04mm, leading to differences in ICA thickness of 0.11-0.14 mm 
between patient with and without RA. Assuming that depression may have a smaller effect size and 
smaller difference, we assumed an effect size of 0.1mm. Previously estimated SD was about 0.1mm.  
 
In addition, the CDC estimates the prevalence of depression in U.S. adults is about 6.6%. Prior studies 
have found an elevated prevalence of depression in the RA population, and many studies have 
estimated a prevalence of 15%.  
 
We calculated sample size using a two-group t-test of means formula. We set our alpha to be 0.05 and 
power to be 0.80. 
 
For the RA population, we expect unequal group sizes for those with and without depression (1:6) based 
on our depression prevalence estimate of 15%. Using a group 1 (depression) mean of 1.15 and group 2 
(not depressed) mean of 1.05 and standard deviation of 0.1 with group2/group1 ratio of 6, the 
necessary sample size for the depressed group is 11 and for the non-depressed group is 66. We meet 
this requirement as we have 195 patients with RA and expect 29 to be in the depressed group and 166 
to be in the non-depressed group. 
 
For the control population, we expect unequal group sizes for those with and without depression (1:13) 
based on our depression prevalence estimate of 6.6%. Using a group 1 (depression) mean of 1.15 and 
group 2 (not depressed) mean of 1.05 and standard deviation of 0.1 with group2/group1 ratio of 13, the 
necessary sample size for the depressed group is 11 and for the non-depressed group is 135. We meet 
this requirement as we have 198 controls and expect 13 to be in the depressed group and 178 to be in 
the non-depressed group. 
 
Given the above parameters and sample sizes, we can detect an effect size as small as 0.056mm in our 
RA patients and 0.081mm in our controls. 
 
 
Analysis Plan: 

 Examine various demographic variables and health measures by RA for whole cohort (RA 
patients plus MESA controls) 

o Assess for normality and distribution of variables 
o Look for significant differences in covariates between patients with and without RA 

 Examine the depression variable (univariate analysis) looking at normality and distribution 
o Explore any correlations between the different variables  
o Based on distribution, may make a categorical variable using recommended cutoff of 16 

for clinical depression 
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 Examine the outcome variable of ICA and CCA intimal thickness 
o Assess for normality and logarithmically transform 

 Examine associations between depression and RA status, both unadjusted (t-tests/ranksum and 
chi-squared) and then adjusted for covariates from table I (linear and log regression) 

 Examine associations between depression and carotid artery intimal thickness (ICA and 
CCA)using scatterplots and then linear and log regression, unadjusted and then adjusted with 
covariates 

o Explore the effect of adding RA into the above models and explore any effect 
modification (interaction terms) 

 
Study Procedure 
Overview: 
During an initial visit patients completed a questionnaire evaluating demographic variables and other 
health variables including chronic diseases, medications, and activity level. RA patients also answered 
questions about disease activity and RA-specific therapies. Blood was drawn to collect data on lipids, 
glucose and inflammatory markers. Finally, the patients were referred for ultrasound of the head and 
neck to assess ICA and CCA intimal thickness at MESA centers using standard protocols.  
 
Depression Assessment – Centers for Epidemiological Studies Depression Scale (CES-D) 
The CES-D is a well-validated scale with high internal consistency (Cronbach’s alpha coefficient of 0.85 in 
the general population and 0.90 in psychiatric patients), that has also been found to correlate well with 
other scales, symptoms, and life events. The scale consists of 20 items that are scored by summation of 
responses (0=rarely, 1=some of the time, 2=occasionally or moderately, 3=most or all the time) with a 
range of 0-60. Questions 4 (You felt that you were just as good as other people), 8 (You felt hopeful 
about the future), 12 (You were happy), and 16 (You enjoyed life) were reverse-scored according to 
guidelines.18 Scores ranged from 0-60. If any missing data existed for one question, the total score was 
not calculated. 
 
Carotid Imaging 

Ultrasound imaging of the carotid arteries was performed in ESCAPE-RA participants using MESA 
ultrasound procedures, technicians and equipment (Logiq 700, General Electric Medical Systems).  The 
probe frequency utilized for the ICA/bulb was 9 MHz; for the CCA was 13 MHz; and for the pulsed 
Doppler studies was 4.0 MHz.  The imaging protocol involved obtaining a single longitudinal lateral view 
of the distal 10 mm of the right and left CCA and three longitudinal views in different imaging planes of 
each BULB-ICA.  The BULB-ICA was defined as including both the carotid bulb, identified by the loss of 
parallel wall present in the CCA, and the 10 mm segment of the ICA distal to the tip of the flow divider 
that separates the external and internal carotid arteries.   

Videotaped scans were analyzed at the MESA Ultrasound Reading Center.  The baseline carotid 
scans of the MESA controls served as the comparator scans, and these were re-analyzed at the same 
time as the ESCAPE-RA scans by a single MESA reader blinded to RA status.  Maximal IMT was measured 
in end diastole at each of the near and far walls of the right and left CCA, and the anterior oblique, 
lateral and posterior oblique views of the BULB-ICA, for a total of 16 IMT measurements per person. The 
mean maximal IMTs of the CCA and BULB-ICA were obtained by averaging the maximal measurements 
from the near and far walls at each projection, from the right and left sides.  For internal carotid IMT 
measurements, intraobserver coefficient of variation was 6.93%, and interobserver coefficient of 
variation was 18.8%.  For common carotid IMT measurements, intraobserver and interobserver 
coefficients of variation were 3.48% and 10.7%, respectively.19 
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Study Drugs – NONE 
 
Medical Device – NONE 
 
Study Questionnaires – Based on MESA standardized questionnaires with additional questionnaires on 
RA activity developed for the ESCAPE-RA trial (http://www.nhlbi.nih.gov/resources/obesity/pop-
studies/mesa.htm) 
 
Study Subjects/Recruitment 
ESCAPE RA inclusion criteria were:   
(1) fulfillment of American College of Rheumatology criteria for the classification of RA (25) of > 6 
months; and  
(2) ages 45-84 years.   
 
ESCAPE RA Exclusion criteria were:   
(1) prior self-reported physician-diagnosed myocardial infarction (MI), heart failure, coronary artery 
revascularization, peripheral vascular (arterial) disease or procedures, implanted pacemaker or 
defibrillator devices, and current atrial fibrillation,  
(2) weight exceeding 300 pounds (due to imaging equipment limitations), and  
(3) CT scan of the chest within six months prior to enrollment (to limit radiation exposure).   
 
Confidentiality of Study Data 
The data is stored with the study coordinator under lock and key according to MESA protocols. All 
analysis was done using de-identified data using study-specific ID numbers. 
 
Conflicts of Interests – none 
 
Location of Study 
The recruitment and data collection for this study was all done at Johns Hopkins University Medical 
Center. All data were gathered and all labs were processed according to MESA protocols. 
 
Potential Risks 
There are no additional potential risks to patients as this study only requires routine visits, a few extra 
blood draws, and ultrasound of the head and neck for carotid thickness measurements, which are all 
relatively benign procedures that add little extra risk. 
 
Potential Benefits 
These patients will receive extra assessments (labs, ultrasound…etc.) for free that can help their overall 
medical care. They will also be screened for depression and stress that could be treated or ameliorated. 
 
Alternative Therapies 
None 
 
Compensation to Subjects - None 
 
Costs to Subjects 
Travel for extra visits and time for assessments 
 

http://www.nhlbi.nih.gov/resources/obesity/pop-studies/mesa.htm
http://www.nhlbi.nih.gov/resources/obesity/pop-studies/mesa.htm
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Minors as Research Subjects – None 
 
Radiation or Radioactive Substances – None 
 
 
 
References: 
1. Hollan I, Meroni PL, Ahearn JM, et al. Cardiovascular disease in autoimmune rheumatic diseases. 

Autoimmunity reviews. Aug 2013;12(10):1004-1015. 
2. Wolfe F, Mitchell DM, Sibley JT, et al. The mortality of rheumatoid arthritis. Arthritis and 

rheumatism. Apr 1994;37(4):481-494. 
3. Ku IA, Imboden JB, Hsue PY, Ganz P. Rheumatoid arthritis: model of systemic inflammation 

driving atherosclerosis. Circulation journal : official journal of the Japanese Circulation Society. 
Jun 2009;73(6):977-985. 

4. Joyce AT, Smith P, Khandker R, Melin JM, Singh A. Hidden cost of rheumatoid arthritis (RA): 
estimating cost of comorbid cardiovascular disease and depression among patients with RA. The 
Journal of rheumatology. Apr 2009;36(4):743-752. 

5. Kanecki K, Tyszko P, Wislowska M, Lyczkowska-Piotrowska J. Preliminary report on a study of 
health-related quality of life in patients with rheumatoid arthritis. Rheumatology international. 
Feb 2013;33(2):429-434. 

6. Pincus T, Griffith J, Pearce S, Isenberg D. Prevalence of self-reported depression in patients with 
rheumatoid arthritis. British journal of rheumatology. Sep 1996;35(9):879-883. 

7. Wolfe F, Michaud K, Li T, Katz RS. Chronic conditions and health problems in rheumatic diseases: 
comparisons with rheumatoid arthritis, noninflammatory rheumatic disorders, systemic lupus 
erythematosus, and fibromyalgia. The Journal of rheumatology. Feb 2010;37(2):305-315. 

8. CDC. Current depression among adults---United States, 2006 and 2008. MMWR Morb Mortal 
Wkly Rep. Oct 1 2010;59(38):1229-1235. 

9. Ferketich AK, Schwartzbaum JA, Frid DJ, Moeschberger ML. Depression as an antecedent to 
heart disease among women and men in the NHANES I study. National Health and Nutrition 
Examination Survey. Arch Intern Med. May 8 2000;160(9):1261-1268. 

10. Scherrer JF, Virgo KS, Zeringue A, et al. Depression increases risk of incident myocardial 
infarction among Veterans Administration patients with rheumatoid arthritis. Gen Hosp 
Psychiatry. Jul-Aug 2009;31(4):353-359. 

11. Skala JA, Freedland KE, Carney RM. Coronary heart disease and depression: a review of recent 
mechanistic research. Can J Psychiatry. Oct 2006;51(12):738-745. 

12. Veldhuijzen van Zanten JJ, Kitas GD, Carroll D, Ring C. Increase in systemic vascular resistance 
during acute mental stress in patients with rheumatoid arthritis with high-grade systemic 
inflammation. Biological psychology. Jan 2008;77(1):106-110. 

13. del Rincon ID, Williams K, Stern MP, Freeman GL, Escalante A. High incidence of cardiovascular 
events in a rheumatoid arthritis cohort not explained by traditional cardiac risk factors. Arthritis 
and rheumatism. Dec 2001;44(12):2737-2745. 

14. Gonzalez-Juanatey C, Llorca J, Martin J, Gonzalez-Gay MA. Carotid intima-media thickness 
predicts the development of cardiovascular events in patients with rheumatoid arthritis. 
Seminars in arthritis and rheumatism. Apr 2009;38(5):366-371. 

15. Kobayashi H, Giles JT, Polak JF, et al. Increased prevalence of carotid artery atherosclerosis in 
rheumatoid arthritis is artery-specific. The Journal of rheumatology. Apr 2010;37(4):730-739. 



Liu, Ying 
 

6 
 

16. Giles JT, Szklo M, Post W, et al. Coronary arterial calcification in rheumatoid arthritis: 
comparison with the Multi-Ethnic Study of Atherosclerosis. Arthritis research & therapy. 
2009;11(2):R36. 

17. Bild DE, Bluemke DA, Burke GL, et al. Multi-ethnic study of atherosclerosis: objectives and 
design. Am J Epidemiol. Nov 1 2002;156(9):871-881. 

18. Radloff LS. The CES-D Scale: A self-report depression scale for research in the general 
population. Applied Psychological Measurement. 1977;1(3):385-401. 

19. Bui AL, Katz R, Kestenbaum B, et al. Cystatin C and carotid intima-media thickness in 
asymptomatic adults: the Multi-Ethnic Study of Atherosclerosis (MESA). American journal of 
kidney diseases : the official journal of the National Kidney Foundation. Mar 2009;53(3):389-398. 

 
 


