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Abstract

Background—Hypertension is more common in patients with rheumatoid arthritis (RA) than in 

the general population. It is unknown whether hypertension is due to RA-related medications or 

the disease itself. Therefore, we sought to investigate associations between RA-related 

autoantibodies, specifically, antibodies to citrullinated protein antigens (ACPA) and systolic (SBP) 

and diastolic (DBP) blood pressure in first-degree relatives of RA patients, who were free of RA 

and RA-related medications. We hypothesized that greater number of detectable ACPA would be 

associated with high SBP and DBP, independent of other risk factors in these first-degree relatives.

Methods—We evaluated associations between ACPA and SBP and DBP in a cross-sectional 

study of 72 first-degree relatives [defined as parent, child, or sibling] of RA patients. Fifteen 

ACPA were measured using a Bio-Plex bead-based assay; each was dichotomized as positive/
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negative based on pre-specified cut-points. ANCOVA was used to evaluate associations between 

ACPA positivity and SBP and DBP, adjusting for age, sex, race, body mass index (BMI), pack-

years of smoking, C-reactive protein (CRP), and current use of anti-hypertensive medications.

Results—Average age was 51, and 69% were women. Mean SBP was 119±18 and DBP was 

74±9mmHg. Thirty-three (46%) first-degree relatives were positive for ≥1 ACPA; and were 

younger, had lower BMI, more pack-years of smoking, and higher hsCRP concentrations 

compared to ACPA negative first-degree relatives. For each additional positive ACPA, SBP was 

0.98±0.5mmHg (p=0.05) higher, and DBP was 0.66±0.3mmHg (p=0.04) higher. Anti-cit-

fibrinogen A (211-230) positive and anti-cit-filaggrin positive first-degree relatives had 11.5 and 

13.9mmHg higher SBP (p=0.02), respectively. Anti-cit-clusterin, cit-filaggrin, and cit-vimentin 

positive first-degree relatives had 7-8mmHg higher DBP (p=0.03, 0.05, 0.05, respectively), 

compared to being negative for these individual ACPA. Consistent with associations between 

ACPA, SBP, and DBP, anti-CCP2 positive first-degree relatives had 16.4± (p=0.03) higher SBP 

and 12.1± mmHg (p=0.01) higher DBP than anti-CCP2 negative first-degree relatives.

Conclusion—In first-degree relatives without RA, ACPA positivity is associated with higher 

SBP and DBP. Subclinical autoimmune processes and ACPA may play a role in the vascular 

changes potentially leading to hypertension prior to RA onset.

Keywords

Epidemiology; blood pressure; autoimmunity

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease that is characterized 

by immune dysregulation. Cardiovascular disease (CVD) risk is 48% higher in RA patients 

compared to the general population, even after adjusting for traditional CVD risk factors.1 

Hypertension is also more common in patients with RA than in the general population (34% 

versus 23.4%),2 and may contribute to a higher CVD event rate.1, 3 It is unclear, however, 

whether hypertension is due to RA-related medications or the disease process itself. We 

hypothesize that immune dysregulation, inflammation, and vascular damage may occur in 

parallel, and prior to a formal diagnosis and articular manifestation of RA. It is known that 

RA-related autoantibodies are detectable years before the onset of RA.4 In particular, 

antibodies to citrullinated protein antigens (ACPA), have been shown to correlate with 

subclinical atherosclerosis and prevalent coronary artery calcification,5 even in the absence 

of RA,6 suggesting that subclinical autoimmune processes are associated with CVD. It is 

unknown, however, whether ACPA are associated with higher blood pressure. Furthermore, 

it is uncertain whether ACPA may be related to higher blood pressure in persons without 

clinically apparent RA. Here, we examined whether ACPA were associated with blood 

pressure in community-dwelling individuals who are first-degree relatives of RA patients, 

but who do not have RA themselves.
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METHODS

The Studies of the Etiology of Rheumatoid Arthritis (SERA) is a multi-center prospective 

study that includes first-degree relatives [defined as a parent, child, or sibling] of probands 

with RA, and is designed to examine the effect of genetic and environmental factors on the 

development and progression of RA-related autoimmunity. SERA is also designed to 

explore the preclinical immunological changes and pathophysiological processes in the 

absence of medications and complications associated with active RA.7, 8 For this ancillary 

study, first-degree relatives were recruited at the Denver and Los Angeles sites, and were 

eligible if they were positive for rheumatoid factor and/or anti-cyclic citrullinated peptides 

(anti-CCP2) for at least 2 clinic visits (n=41), frequency matched on age and sex to first-

degree relatives who were rheumatoid factor and anti-CCP2 negative for all of their clinic 

visits (n=45); and did not meet the 1987 ACR Criteria or 2010 EULAR/ACR Criteria for 

RA. The Institutional Review Boards approved this study, and all participants provided 

written informed consent.

Antibodies to 15 citrullinated protein antigens (ACPA) were measured in serum using a 

custom Bio-PlexTM (BioRad, Hercules, CA) bead-based autoantibody assay as described 

previously.9 ACPA positivity cutoffs were developed using receiver operating characteristic 

(ROC) curves of data from 200 RA probands and 98 blood donor controls. Cutoffs were 

defined by values that gave greater than 90% specificity for RA.9

During research clinic visits, first-degree relatives completed disease and exposure 

assessment questionnaires as well as anthropometric measurements (i.e., height, weight, 

waist circumference), underwent a standardized interview and 68-count joint examination by 

a trained health care practitioner, and had blood drawn. Systolic (SBP) and diastolic (DBP) 

blood pressure was measured during this clinic visit using a hand held sphygmanomometer. 

Two measurements were made in the same arm with a 30-second rest between 

measurements, consistent with previous validated methods.10 We used the average of these 

measurements as our blood pressure variable. Prevalent hypertension was defined as either 

SBP ≥ 140, DBP ≥ 90, or currently taking anti-hypertensive medications.

For the current cross-sectional study, the timing of ACPA measurements were within 2 years 

of blood pressure measurements; 14 first-degree relatives lacked ACPA measurements, and 

were thus excluded. Among the remaining 72 first-degree relatives, we utilized generalized 

linear models and analysis of covariance (ANCOVA); and adjusted for age, sex, race, body 

mass index (BMI) kg/m2, pack-years of smoking, high sensitivity C-reactive protein (CRP), 

and current use of anti-hypertensive medications. Our primary analyses evaluated the 

number of positive ACPA as the predictor variable of interest, and systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) as the outcome variables of interest. Subsequently, 

we evaluated the associations of individual ACPA measurements with SBP and DBP. Given 

that non-steroidal anti-inflammatory medications (NSAIDs) can contribute to hypertension, 

we performed a sensitivity analysis excluding 15%, or 11 total, first-degree relatives who 

were taking NSAIDs. In addition, although our main analysis adjusted for 18%, or 13 total, 

first-degree relatives who were currently taking anti-hypertensive medications, we 

performed a second sensitivity analysis excluding these 13 individuals. Given our a priori 
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objective to evaluate associations between individual ACPA and SBP and DBP, we did not 

adjust for multiple comparisons. All analyses were conducted in SAS (SAS Version 9.4, 

Cary, North Carolina), and p-values < 0.05 were considered statistically significant.

RESULTS

The mean age of the 72 person study sample of first-degree relatives was 51± 14 years; 69% 

were women, and 28% had prevalent hypertension. Thirty-three (46%) were positive for at 

least one ACPA, and among these, the median number of ACPA that were positive was 1 

(interquartile range 1 to 6). Study participants who were positive for at least one ACPA were 

younger, had a lower BMI, lower concentration of CRP, and lower frequency of anti-

hypertensive medication use. ACPA positive and negative first-degree relatives had similar 

distributions of sex, race, pack-years of smoking (Table 1).

Adjusting for age and gender, posivity for each additional ACPA was associated with 1 

± 0.55 mmHg higher SBP (p=0.07) and a 0.60 ± 0.31 mmHg higher DBP (p=0.06). When 

evaluated in a fully adjusted model, each additional ACPA was significantly associated with 

0.98 ± 0.50 mmHg higher SBP (p=0.05) and 0.66 ± 0.30 mmHg higher DBP (p=0.04) 

(Table 2). When evaluating individuals with any positive ACPA vs. none, associations were 

not significantly different in unadjusted or fully adjusted models, but those with any ACPA 

had higher mean SBP and DBP measurements as indicated by the point estimates (Table 2).

We next evaluated associations of rheumatoid factor, anti-CCP2, and individual ACPA with 

SBP and DBP. First-degree relatives who were positive for antibodies to Filaggrin (48-65) 

cit2 cyclic had SBP 14 mmHg higher (p=0.017) than first-degree relatives who were 

negative for this ACPA. Similarly, first-degree relatives who were positive for antibodies to 

Fibrinogen A (211-230) cit cyclic had a 12 mmHg higher SBP (p=0.022) than first-degree 

relatives who were negative. Associations between anti-CCP2 and SBP were similar, where 

first-degree relatives positive for anti-CCP2 had 16 mmHg higher SBP (p=0.027) than anti-

CCP2 negative first-degree relatives. There was no association between rheumatoid factor 

and SBP. Notably, regardless of which individual ACPA was evaluated, and their individual 

statistical significance, positivity for each ACPA was associated with higher SBP than in 

those who were negative across the panel of ACPA measurements (Figure 1).

First-degree relatives who were positive for antibodies to citrullintated vimentin had a 7 

mmHg higher DBP compared to first-degree relatives who were negative. Similarly, first-

degree relatives who were positive for antibodies to Filaggrin (48-65) cit2 cyclic and 

Clusterin (221-240) cit had an 8 mmHg higher DBP compared to first-degree relatives who 

were negative. DBP was 3 mmHg higher in first-degree relatives who were positive for any 

ACPA (p=0.09), and higher overall in all ACPA positive first-degree relatives, although not 

all of the associations were statistically significant. A similar observation was observed with 

anti-CCP2, where in first-degree relatives positive for anti-CCP2, DBP was 12 mmHg 

higher than in anti-CCP2 negative first-degree relatives. There was no association between 

rheumatoid factor and DBP. As with SBP, regardless of which individual ACPA was 

evaluated, and their individual statistical significance, positivity for each ACPA was 
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associated with higher DBP than in those who were negative across the panel of ACPA 

measurements (Figure 1).

Of the first-degree relatives studied, 15%, or 11 total, had taken NSAIDs. Although the 

frequency, dose, and timing of the medications were unknown, our sensitivity analysis for 

associations between ACPA and blood pressure, excluding individuals currently using 

NSAIDs, found that associations between Fibrinogen A (211-230) cit cyclic, Filaggrin 

(48-65) cit2 cyclic and SBP remained statistically significant while associations between 

Clusterin (221-240), Filaggrin (48-65) cit2 cyclic, citrullinated vimentin, and DBP were 

slightly attenuated. Further, associations between anti-CCP and SBP and DBP remained 

statistically significant as well (p=0.02 and p=0.04, respectively) (data not shown).

Our second sensitivity analysis excluding the 18%, or 13 total, first-degree relatives 

currently taking anti-hypertensive medications revealed similar associations between 

individual ACPA and SBP and DBP; and further added several other significant associations 

between individual ACPA and blood pressure, including anti-CCP with SBP and DBP 

(p=0.02 and p=0.01, respectively) (data not shown).

DISCUSSION

We demonstrated that the number of positive ACPA was associated with higher systolic and 

diastolic blood pressure in first-degree relatives of persons with RA. Among individual 

ACPA, first-degree relatives positive for antibodies to various forms of citrullinated 

Filaggrin, Fibrinogen, Vimentin, and Clusterin had systolic and diastolic blood pressures 

that were significantly higher than in those who were ACPA negative, which was consistent 

with the findings for anti-CCP2, a clinical test for ACPA. To our knowledge, this is the first 

study to evaluate associations of ACPA with systolic and diastolic blood pressure. These 

findings give new insights into mechanisms linking RA to CVD, and may also provide 

insights to mechanisms driving hypertension in the general, non-RA population.

Several anti-rheumatic medications that can lead to hypertension in RA include traditional/

non-selective NSAIDs (e.g., ibuprofen, indomethacin), coxibs (e.g., rofecoxib), 

cyclosporine, and biologics, (e.g. tocilizumab, certolizumab pergol, golimumab). Of the 

FDRs studied, 15% had taken NSAIDs. No first-degree relatives had taken any of the other 

anti-rheumatic medications. Because of the potential contribution of NSAIDs to higher 

blood pressure, we excluded 15%, or 11 total, first-degree relatives currently using NSAIDs 

in a sensitivity analysis, and found that the associations between ACPA and blood pressure 

presented in our main analysis remained.

Although our main analysis adjusted for 18%, or 13 total, first-degree relatives currently 

taking anti-hypertensive medications, our second sensitivity analysis excluded them to 

determine whether associations between ACPA and blood pressure were affected by these 

medications. This sensitivity analysis was congruent with our main study results, supports 

our current findings, and further adds several other significant associations between 

individual ACPA and blood pressure. Thus, we have chosen to present results from the 
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original analysis as these results remain consistent with both sensitivity analyses and are the 

most conservative findings.

Other potential mechanisms that may contribute to hypertension in RA include the 

occurrence of specific genetic polymorphisms,1 and inflammatory pathway activation 

subsequently leading to increased peripheral vascular resistance.1, 11 Because the first-

degree relatives in our study did not meet the 1987 ACR or 2010 EULAR/ACR criteria for 

RA, we were able to investigate associations between ACPA and blood pressure in the 

absence of clinically apparent RA and in the absence of anti-rheumatic medications. Prior 

work in the SERA cohort among first-degree relatives has shown that positivity for 

rheumatoid factor and/or anti-cyclic citrullinated peptides are associated with inflammatory 

cytokines7 and with markers of endothelial dysfunction.12 The findings on systolic and 

diastolic blood pressure presented here, in combination with this prior work, leads us to 

hypothesize that vascular changes and subsequent peripheral vascular resistance may occur 

before clinically apparent RA develops.

The pathogenesis of essential hypertension is not well understood, but it is thought that it 

results from combinations of genetic and environmental effects on cardiovascular and kidney 

function. Only recently has hypertension been proposed as an ‘autoimmune disese’ where 

hypertension is an autoimmune response to the modified self.13, 14 The major 

histocompatibility complex (MHC) is one recognized immune response gene that controls 

the magnitude and specificity of antibody production. In humans, the MHC HLA-DRB1 

shared epitope alleles predisposes for ACPA, where citrullinated peptides bind tightly into 

the antigen binding groove, and elicit a more robust T cell response.15 In the setting of 

hypertension in the absence of RA, these RA-related immune processes may offer novel 

insights into the observed associations between ACPA and systolic and diastolic blood 

pressure observed in our study. Morevoer, the associations demonstrated here may provide 

information into mechanisms contributing to hypertension in the general population. Future 

studies are needed to evaluate the associations of ACPA with blood pressure and CVD in 

general population cohorts to address this important hypothesis.

There are several important limitations in this study. We lack measures of kidney function, 

such as estimated glomerular filtration rate and proteinuria, which would indicate renal 

contribution to hypertension. Our study had a cross-sectional study design, where ACPA and 

blood pressure were not measured in the same moment, which limits our ability to determine 

temporal relationships between ACPA positivity and blood pressure. Nonetheless, the 

careful clinical phenotyping excluded clinically apparent RA in study participants, and 

allowed us to demonstrate that ACPA are associated with higher blood pressure even among 

persons without clinically apparent RA. The study had a small sample size, which may have 

led us to miss associations of some ACPA with higher blood pressure. In light of this, the 

uniform direction of associations wherein any positive ACPA, regardless of which one, was 

associated with higher mean blood pressure, suggests a consistent association between 

ACPA and blood pressure.

In conclusion, we demonstrate for the first time that detectable ACPA are associated with 

higher blood pressure in a population of first-degree relatives without clinically apparent 
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RA. These findings suggest that vascular injury and peripheral vascular resistance may occur 

before clinical development of RA and that ACPA may play a role in the vascular changes 

leading to hypertension prior to RA. Future studies are required to determine if ACPA may 

also contribute to hypertension in the general population.
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Figure 1. The Difference in Diastolic Blood Pressure and Systolic Blood Pressure in ACPA 
Positive versus ACPA Negative First-Degree Relatives in the Studies of the Etiology of 
Rheumatoid Arthritis (SERA)
This figure presents the difference in diastolic blood pressure and systolic blood pressure (in 

mmHg) in ACPA positive first-degree relatives compared to ACPA negative first-degree 

relatives. The proportion of first-degree relatives who were positive for each individual 

ACPA are presented in Table 1. Differences in diastolic and systolic blood pressure for 

rheumatoid factor and anti-CCP2 positive first-degree relatives versus rheumatoid factor and 

anti-CCP2 negative first-degree relatives are included as well. Analyses were adjusted for 

age, sex, race, BMI, CRP, pack-years of smoking, current use of anti-hypertensive 

medications. The bars and p-values represent the difference in blood pressure in mmHg, 

where 0mmHg indicates no difference in diastolic BP or systolic BP between ACPA positive 

and ACPA negative first-degree relatives.
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Table 1

Characteristics of First-Degree Relatives by ACPA Positivity; and ACPA Distribution Among ACPA Positive 

First-Degree Relatives in the Studies of the Etiology of Rheumatoid Arthritis (SERA)

ACPA (+) (n=33) ACPA (−) (n=39) p-value

Mean age, years (SD) 49.8 (14) 52.5 (14) 0.41

Female, % 70 69 0.97

Non-Hispanic White race, % 91 87 0.62

Mean BMI, kg/m (SD) 26.4 (5) 29.2 (7) 0.06

Median pack-years smoking (25th, 75th percentile) 2.0 (1, 2) 2.0 (1, 2) 0.58

Median hsCRP (25th, 75th percentile) 1.2 (0.7, 6) 2.1 (0.6, 4) 0.96

Anti-hypertensive medications, % 12 23 0.35

Mean Systolic BP, mmHg (SD) 119.3 (17) 119.6 (19) 0.95

Mean Diastolic BP, mmHg (SD) 74.4 (8) 73.0 (9) 0.53

Rheumatoid factor positive, % 15 8 0.32

Anti-CCP2 positive, % 9 3 0.33

ACPA Distribution among ACPA (+) FDRs N (%)*

Histone 2A (1-20) cit cyclic 13 (18.1) –

Histone 2B (62-81) cit cyclic 13 (18.1) –

Fibrinogen A (556-575) cit cyclic 11 (15.3) –

Fibrinogen A cit 11 (15.3) –

Apolipo E (277-296) cit2 cyclic 10 (13.9) –

Fibrinogen A (211-230) cit cyclic 10 (13.9) –

Fibrinogen A (41-60) cit3 cyclic 10 (13.9) –

Biglycan (247-266) cit cyclic 9 (12.5) –

Clusterin (221-240) cit 8 (11.1) –

Enolase (5-21) cit 8 (11.1) –

Vimentin cit 8 (11.1) –

Filaggrin (48-65) cit2 cyclic 7 (9.7) –

Fibrinogen A (616-635) cit3 cyclic 5 (6.9) –

Histone 2B-cit 5 (6.9) –

Vimentin (58-77) cit3 cyclic 3 (4.2) –

*
first-degree relatives may be positive for multiple ACPA. Thus, these proportions do not add to 100%.
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Table 2

The Difference in Systolic Blood Pressure and Diastolic Blood Pressure for Each Additional Positive ACPA; 

and for ACPA Positive versus ACPA Negative First-Degree Relatives in the Studies of the Etiology of 

Rheumatoid Arthritis (SERA)

SBP mmHg DBP mmHg

β (SD) p-value β (SD) p-value

Number of ACPA

 Adjusted for age, sex, race 1.02 (0.55) 0.07 0.60 (0.31) 0.06

 Fully adjusted* 0.98 (0.48) 0.05 0.66 (0.30) 0.04

Positive for Any ACPA

 Adjusted for age, sex, race 1.65 (3.83) 0.67 1.62 (2.17) 0.46

 Fully adjusted* 4.79 (3.40) 0.16 3.79 (2.17) 0.09

*
Number of ACPA ranged from 0 to 15. There were 33 first-degree relatives who were positive for ≥1 ACPA, and 39 first-degree relatives who 

were negative for any ACPA. Fully adjusted analyses accounted for age, sex, race, BMI, pack-years of smoking, hsCRP, and current use of anti-
hypertensive medications
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