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Abstract
There has been some debate between biologic disease modifying anti-rheumatic drugs (bDMARDs) treatment and hypertension
(HTN) in rheumatoid arthritis (RA). The aim of this study was to determine the effect of bDMARDs on the development of HTN in
patients with RA.
A total of 996 patients eligible for analysis were recruited from the Korean College of Rheumatology Biologics & Targeted Therapy

(KOBIO) registry from 2012 to 2018. The bDMARDs were tumor necrosis factor (TNF) inhibitors, abatacept, and tocilizumab. The
cDMARDs included methotrexate, hydroxychloroquine, and leflunomide. The incidence rate and 95% confidence interval of HTN
were estimated using the Kaplan–Meier method. Hazard ratio (HR) of risk factors associated with hypertension was assessed by cox
proportional hazard model analysis.
Among the 996 patients, 62 patients (6.2%) were newly diagnosed with HTN. There were differences in incidence rate of HTN

among conventional DMARDs (cDMARDs), TNF inhibitors, tocilizumab, and abatacept during the follow-up period (P= .015).
Kaplan–Meier analysis showed that there was a significant difference in incident HTN only between cDMARDs and tocilizumab
(P= .001). Systolic blood pressure and positive rheumatoid factor were associated with development of HTN (HR=1.049, P= .016
and HR=1.386, P= .010, respectively). Cox proportional hazard model analysis showed no difference in the development of HTN
between bDMARDs and cDMARDs in RA.
This study showed that bDMARDs treatment might not increase risk of incident HTN in patients with RA, compared to cDMARDs.

Abbreviation: KOBIO= Korean College of Rheumatology Biologics & Targeted Therapy.
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1. Introduction

Rheumatoid arthritis (RA) has been established to cause
increased cardiovascular morbidity and mortality.[1,2] Substan-
Editor: Francesco Carubbi.

This work was supported by a research grant from Daegu Catholic University
Medical Center.

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.
a Division of Rheumatology, Department of Internal Medicine, b Department of
Medical Statistics, Catholic University of Daegu School of Medicine, Daegu,
Republic of Korea.
∗
Correspondence: Seong-Kyu Kim, Division of Rheumatology, Department of

Internal Medicine, Catholic University of Daegu School of Medicine, 33,
Duryugongwon-ro 17-gil, Nam-gu, Daegu 42472, Republic of Korea
(e-mail: kimsk714@cu.ac.kr).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Kim SK, Kwak SG, Choe JY. Association between
biologic disease modifying anti-rheumatic drugs and incident hypertension in
patients with rheumatoid arthritis: Results from prospective nationwide KOBIO
Registry. Medicine 2020;99:9(e19415).

Received: 21 October 2019 / Received in final form: 22 January 2020 /
Accepted: 5 February 2020

http://dx.doi.org/10.1097/MD.0000000000019415

1

tial research has yielded a growing amount of evidence in support
of an association between RA and cardiovascular diseases
(CVD). As with the general population, CVD in patients with RA
is associated with traditional risk factors such as smoking,
dyslipidemia, obesity, hypertension (HTN), and diabetes melli-
tus.[3,4] In addition, diverse disease-related mechanisms related to
RA, including increased oxidative stress, aberrant immune
response, and endothelial dysfunction, account for development
of CVD.[5] Recently, evidence has indicated that RA treatment
such as non-steroidal anti-inflammatory drugs (NSAIDs) and
corticosteroids might contribute to the risk of CVD.[6]

The prevalence of HTN, also an important modifiable risk
factor for development of CVD, seems to be high in patients with
RA.[7,8] Growing evidence suggests that RA treatment may be
responsible for development of HTN in such patients. In addition
to NSAIDs and corticosteroids, some conventional disease
modifying anti-rheumatic drugs (cDMARDs) such as leflunomide
and cyclosporine may result in increased blood pressure in
RA.[5,6] Over the past several decades, biologic DMARDs
(bDMARDs) have revolutionized the control of disease activity in
the treatment of RA. Given that considerable progress has been
made in the development of effective drugs to modulate the
inflammatory response and prevent joint damages in the
territories of RA, bDMARDs therapy might have significant
potential to modify the risk of HTN in RA. Recently, a meta-
analysis of randomized controlled trials demonstrated that tumor
necrosis factor (TNF) inhibitors could potentially increase the
risk of HTN in RA.[9] On the other hand, there is not enough data
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available to determine whether other bDMARDs including
tocilizumab and abatacept are associated with HTN. In this
study, we identified the risk factors for development of HTN in
RA patients using a patient registry for bDMARDs and
cDMARDs and also assessed whether bDMARDs treatment
promotes development of HTN in patients with RA.
2. Subjects and methods

2.1. Study population

The data for this study originated from the Korean College of
Rheumatology Biologics & Targeted Therapy (KOBIO) registry,
a prospective nationwide biologic therapy registry for RA from
2012 to 2018. The KOBIO registry for RA has a mean follow-up
period of approximately 54.2 months. This study enrolled
patients with RA who met the 1987 American College of
Rheumatology revised classification criteria for RA diagnosis.[10]

The KOBIO registry consisted of a “bDMARDs group” and a
“cDMARDs group” to evaluate differences in efficacy and safety
between the 2 different therapeutic modalities. The “bDMARDs
group” comprised patients who were treated with bDMARDs
alone or together with cDMARDs, whereas the “cDMARDs
group,” recruited as the disease control, consisted of those who
had received cDMARDs but had never been exposed to any kinds
of bDMARDs. The bDMARDs were TNF inhibitors (infliximab,
infliximab biosimilars, etanercept, etanercept biosimilars, adali-
mumab, and golimumab), abatacept, and tocilizumab. The
cDMARDs were methotrexate, hydroxychloroquine, and leflu-
nomide. Corticosteroid use was assessed and presented as mean
dosage per day. All study participants provided written informed
consent for enrollment in the KOBIO registry. The Institutional
Review Board of Daegu Catholic University Medical Center
approved the study (CR-19-096).
A total of 2422 patients were initially recruited in this study,

including 1738 patients treated with bDMARDs and 684
patients with cDMARDs (Fig. 1). Among patients treated with
bDMARDs, those with preexisting HTN at the time of
enrollment (n=482), lost to follow-up (n=352), or who either
Figure 1. Schematic presentation for study population. bDMARDs=biologic disea
anti-rheumatic drugs. bDMARDs group includes TNF inhibitors, abatacept, and t
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switched to different a bDMARD or stopped bDMARDs
altogether (n=289) were excluded during the follow-up period.
Among patients treated with only cDMARDs, those with
preexisting HTN (n=199) or lost to follow-up (n=104) were
also excluded. Finally, a total of 996 patients were analyzed in
this study, including 615 patients in the bDMARDs group and
381 patients in the cDMARDs group.

2.2. Collection of clinical information

The baseline characteristics of patients were sex, age (years, <60
and ≧60), systolic blood pressure (SBP, mmHg), diastolic blood
pressure (DBP, mmHg), smoking status (ex-smokers, current
smokers, and never smokers), and body mass index (BMI, kg/m2).
BMIwas classified into3groups, normal (BMI<23.0), overweight
(23.0�BMI<25.0), and obese (BMI�25). Comorbidities that
are recognized as traditional risk factors for HTN, such as
dyslipidemia and diabetes mellitus, were identified. Blood urea
nitrogen (BUN,mg/dL) and creatinine (mg/dL) were also assessed.
The following RA-related disease activity indexes were

assessed at both baseline and follow-up: erythrocyte sedimenta-
tion rate (ESR, mm/hour), C-reactive protein (CRP, mg/dL),
swollen joint count (SJC), tender joint count (TJC), patient global
assessment (PTGA), physician global assessment (PHGA),
disease activity score 28 (DAS28)-ESR, DAS28-CRP, simplified
disease activity index (SDAI), clinical disease activity index
(CDAI), and routine assessment of patient index data 3
(RAPID3). In addition, ESR and CRP were dichotomically
classified into normal and abnormal. Positivity for rheumatoid
factor (RF, positive and negative) and anti-cyclic citrullinated
peptide antibody (anti-CCP antibody, positive, and negative) was
also determined.

2.3. Definition of HTN

A standard mercury sphygmomanometer with an inflatable cuff
was used to measure blood pressure from the right arm. After
sitting for at least 5minutes, measurements of 2 consecutive
blood pressures were carried out and recorded. We used the
se modifying anti-rheumatic drugs, cDMARDs=conventional disease modifying
ocilizumab.
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average values of the 2 blood pressures. In this study, HTN was
defined as an SBP greater than 140mm Hg and/or DBP greater
than 90mm Hg according to guidelines proposed by the British
HTN Society.[11] Any RA patients receiving new antihypertensive
drugs such as b-blockers, calcium channel blockers, angiotensin
converting enzyme inhibitors, or angiotensin II receptor blockers
during the follow-up period, were defined as having HTN.
2.4. Statistical analysis

Values are presented as mean (standard deviation, SD) for
quantitative variables or as frequency (%) for qualitative
variables. A comparison of baseline characteristics between the
bDMARDs and cDMARDs groups and a comparison of
variables according to HTN were analyzed using the two-sample
t test for quantitative variables and the chi-square test for
qualitative variables. The differences in SBP and DBP among
cDMARDs, TNF inhibitors, abatacept, and tocilizumab were
analyzed by one-way analysis of variance (ANOVA) method.
To obtain difference values from the baseline visit to the last

follow-up visit for changes in the disease activity indexes ESR,
CRP, SJC, TJC, PTGA, PHGA,DAS28-ESR, DAS28-CRP, SDAI,
CDAI, and RAPID3, the following formula was used: [difference
value=values at follow-up�values at baseline]. In addition,
difference values for changes in SBP, DBP, and disease activity
indexes among cDMARDs, TNF inhibitors, tocilizumab, and
abatacept were calculated from the baseline visit to the last
follow-up visit.
The Kaplan–Meier method was used to calculate HTN

incidence rate by DMARD group (cDMARDs, TNF inhibitors,
abatacept, and tocilizumab). The 95% confidence intervals (CI)
of HTN incidence rate by each DMARD group were also
presented. Among cDMARDs, TNF inhibitors, abatacept, and
tocilizumab, the log-rank test was used to compare overall and
pair-wise HTN incidence rates, and post hoc analysis was applied
to identify the differences in SBP, DBP, and disease activity
indexes.
In the multivariate analysis for determination of risk factors for

HTN, the candidate variables were the variables were statistically
significant at the univariate analysis and traditional risk factors
such as BMI, dyslipidemia, and diabetes mellitus in Model 1.
Additional candidate variables such as ESR, CRP, RF, anti-CCP
antibody, corticosteroid, methotrexate, leflunomide, or
bDMARDs were assessed in the analysis of Model 2 and Model
3. The Cox’s proportional hazards model was used, and the
hazard ratio (HR) and 95% CI for HR were calculated. All
statistical analyses were performed using the IBM SPSS software
package for Windows (version 19.0, Chicago, IL). All tests were
2-sided, and a P-value less than .05 was considered to indicate
statistical significance.
3. Results

3.1. Baseline characteristics of enrolled patients

A total of 996 RA patients (n=615 for the bDMARDs group and
n=381 for the cDMARDs group) were enrolled in this study.
Baseline characteristics according to group, bDMARDs or
cDMARDs, are described in Table 1. Frequencies of sex, age
(<60 or ≧60), BMI (normal, overweight, and obese), smoking
status, dyslipidemia, diabetes mellitus, anti-CCP antibody
positivity, and hydroxychloroquine use were similar between
3

the bDMARDs and cDMARDs groups (P> .05 for all). Patients
treated with bDMARDs were significantly younger than those
treated with cDMARDs (P= .006). There were no differences in
SBP and DBP, BMI (kg/m2), and BUN between the 2 groups.
Patients in the bDMARDs group showed lower creatinine and

higher ESR, CRP, and corticosteroid dosage than those in the
cDMARDs group (P< .001 for all). The number of bDMARDs-
treated patients with abnormal ESR, abnormal CRP, RF
positivity, corticosteroid use, methotrexate use, and leflunomide
use was higher than that of cDMARDs patients (P< .001,
P< .001, P= .033, P< .001, P= .002, and P< .001, respectively).
There were significant differences in disease activity indexes of
SJC, TJC, PTGA, PHGA, DAS28-ESR, DAS28-CRP, SDAI,
CDAI, and RAPID3 between the bDMARDs and cDMARDs
groups (P< .001 for all).
3.2. Comparison of variables for HTN according to
variables at baseline

We also compared baseline variables between patients with HTN
and patients withoutHTNat the end of follow-up (Table 2).Older
age in HTN patients was noted compared to non-HTN patients
(P< .001), with more prevalence of patients 60 years and older
(P= .005). There was no difference of BMI (normal, overweight,
and obese) between HTN group and non-HTN group. The
number of patients with dyslipidemia and diabetes mellitus were
similar between HTN patients and non-HTN patients (P= .051
and P= .074, respectively). Frequencies for other variables of sex,
smoking status, abnormalESR, abnormalCRP,RFpositivity, anti-
CCP antibody positivity, corticosteroid use, methotrexate use,
hydroxychloroquine use, and leflunomide use were not signifi-
cantly different between the 2 groups. There were no differences in
BMI (kg/m2), creatinine, ESR, CRP, and mean corticosteroid
dosage between 2 groups (P> .05 for all). All disease activity
indexes such as SJC, TJC, PTGA, PHGA, DAS28-ESR, DAS28-
CRP,SDAI,CDAI, andRADIP3were similarbetween the2groups
(P> .05 for all). In addition, we did not find significant differences
in changes for any of the disease activity indexes between patients
with and without HTN over time (P> .05 for all) (Table 3).
The lack of differences among patients treated with

cDMARDs, TNF inhibitors, abatacept, or tocilizumab in changes
of SBP and DBP during the follow-up period (P= .419 and
P= .434, respectively) (S1 Fig., http://links.lww.com/MD/D889).
However, differences in disease activity indexes between
cDMARDs and TNF inhibitors, tocilizumab, or abatacept were
significant (S1 Table, http://links.lww.com/MD/D890).
3.3. Assessment of incident HTN according to DMARDs

The frequency of incident HTNwas not different among patients
treated with cDMARDs, TNF inhibitors, abatacept, or tocilizu-
mab (P= .543) (Table 2). There was no difference of incident
HTN between patients with cDMARDs and bDMARDs
(P= .316). The incidence rate of HTN was 4.6% of cDMARDs,
6.9% of TNF inhibitors, 1.4% of abatacept, and 7.2% of
tocilizumab (S2 Fig., http://links.lww.com/MD/D889). The
incidence rates of HTN with 95% CI for cDMARDs, TNF
inhibitors, abatacept, and tocilizumab over time were analyzed
using Kaplan–Meier curves (4.613%, 95% CI 4.022–5.204 for
cDMARDs; 6.878%, 95% CI 6.164–7.591 for TNF inhibitors;
1.389%, 95% CI 0.139–2.639 for abatacept; and 7.177%, 95%
CI 6.022–8.332 for tocilizumab). The incidence rates were
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Table 1

Baseline characteristics of enrolled patients.

Variables bDMARDs (n=615) cDMARDs (n=381) Total (n=996) P value

Gender
Male 77 (12.5) 51 (13.4) 128 (12.9) .692
Female 538 (87.5) 330 (86.6) 868 (87.1)

Age (yr) 55.2 (12.4) 57.4 (11.7) 56.1 (12.1) .006
Age
<60 376 (61.1) 211 (55.4) 587 (58.9) .073
≥60 239 (38.9) 170 (44.6) 409 (41.1)

SBP (mmHg) 120.5 (12.2) 119.4 (11.8) 120.2 (12.1) .314
DBP (mmHg) 75.3 (8.9) 75.5 (9.7) 75.4 (9.1) .853
BMI (kg/m2) 22.1 (3.1) 22.1 (2.9) 22.1 (3.0) .641
BMI
Normal 401 (65.2) 242 (63.5) 643 (64.6) .843
Overweight 118 (19.2) 75 (19.7) 193 (19.4)
Obese 96 (15.6) 64 (16.8) 160 (16.1)

Smoking
Ex-smoker 45 (7.3) 33 (8.7) 78 (7.8) .177
Current smoker 30 (4.9) 28 (7.4) 58 (5.8)
Never smoker 540 (87.8) 319 (83.9) 859 (86.3)

Dyslipidemia
Presence 77 (12.5) 39 (10.2) 116 (11.6) .275
Absence 538 (87.5) 342 (89.8) 880 (88.4)

Diabetes mellitus
Presence 32 (5.2) 13 (3.4) 45 (4.5) .186
Absence 583 (94.8) 368 (96.6) 951 (95.5)

BUN (mg/dL) 13.5 (4.7) 14.0 (4.1) 13.7 (4.5) .095
Creatinine (mg/dL) 0.6 (0.1) 0.7 (0.2) 0.7 (0.1) <.001
ESR (mm/hr) 49.8 (25.9) 26.9 (21.6) 40.6 (26.9) <.001
ESR
Normal 62 (10.1) 178 (47.6) 240 (24.4) <.001
Abnormal 549 (89.9) 196 (52.4) 745 (75.6)

CRP (mg/dL) 2.5 (3.5) 0.6 (1.6) 1.8 (3.0) <.001
CRP
Normal 144 (23.6) 276 (74.0) 420 (42.8) <.001
Abnormal 465 (76.4) 97 (26.0) 562 (57.2)

RF
Positive 502 (84.7) 295 (79.3) 797 (82.6) .033
Negative 91 (15.3) 77 (20.7) 168 (17.4)

Anti-CCP antibody
Positive 455 (88.0) 273 (85.0) 728 (86.9) .217
Negative 62 (12.0) 48 (15.0) 110 (13.1)

Corticosteroid (mg/d) 5.3 (3.2) 4.3 (3.9) 5.0 (3.5) <.001
Corticosteroid 531 (86.3) 265 (69.6) 796 (79.9) <.001
Methotrexate 585 (95.1) 343 (90.0) 928 (93.2) .002
Hydroxychloroquine 414 (67.3) 271 (71.1) 685 (68.8) .207
Leflunomide 313 (50.9) 148 (38.8) 461 (46.3) <.001
Swollen joint count 6.8 (5.5) 1.6 (2.8) 4.8 (5.3) <.001
Tender joint count 8.6 (6.8) 2.4 (4.5) 6.3 (6.7) <.001
PTGA 7.0 (1.9) 3.6 (2.3) 5.7 (2.6) <.001
PHGA 6.5 (1.8) 2.9 (1.9) 5.1 (2.5) <.001
DAS28-ESR 5.6 (1.1) 3.3 (1.3) 4.7 (1.6) <.001
DAS28-CRP 4.9 (1.1) 2.7 (1.2) 4.1 (1.6) <.001
SDAI 29.2 (11.5) 10.5 (8.8) 22.1 (13.9) <.001
CDAI 26.7 (10.7) 9.9 (8.1) 20.3 (12.7) <.001
RAPID3 15.6 (5.6) 7.8 (5.3) 12.6 (6.7) <.001

Data was described as mean (standard deviation) and number (%).
There are missing data for smoking (n=1), ESR (n=11), CRP (n=14), RF (n=31), and anti-CCP antibody (n=158).
BMI=body mass index, CCP= cyclic citrullinated peptide, CDAI= clinical disease activity index, CRP=C-reactive protein, DAS=disease activity score, DMARDs=disease modifying anti-rheumatic drugs,
ESR= erythrocyte sedimentation rate, PHGA=physician global assessment, PTGA=patient global assessment, RAPID3= routine assessment of patient index data 3, RF= rheumatoid factor, SDAI= simplified
disease activity index.
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Table 2

Comparison of variable according to variables at baseline.

Hypertension
Variables Absence (n=934) Presence (n=62) P value

Gender
Male 118 (12.6) 10 (16.1) .426
Female 816 (87.4) 52 (83.9)

Age (yr) 55.7 (12.1) 61.6 (10.8) <.001
Age
<60 561 (60.1) 26 (41.9) .005
≥60 373 (39.9) 36 (58.1)

SBP (mm Hg) 119.6 (11.7) 127.9 (13.8) <.001
DBP (mm Hg) 75.0 (9.1) 79.9 (8.5) <.001
BMI (kg/m2) 22.0 (3.0) 22.7 (2.9) .106
BMI
Normal 609 (65.2) 34 (54.8) .253
Overweight 178 (19.1) 15 (24.2)
Obese 147 (15.7) 13 (21.0)

Smoking
Ex-smoker 71 (7.6) 7 (11.3) .559
Current smoker 55 (5.9) 3 (5.2)
Never smoker 807 (86.5) 52 (83.9)

Dyslipidemia
Presence 104 (11.1) 12 (19.4) .051
Absence 830 (88.9) 50 (80.6)

Diabetes mellitus
Presence 43 (4.6) 6 (9.7) .074
Absence 891 (95.4) 56 (90.3)

BUN (mg/dL) 13.7 (4.5) 14.7 (4.6) .112
Creatinine (mg/dL) 0.68 (0.15) 0.69 (0.18) .643
ESR (mm/hr) 41.0 (26.6) 42.1 (29.3) .776
ESR
Normal 220 (23.8) 20 (32.8) .114
Abnormal 704 (76.2) 41 (67.2)
CRP (mg/dL) 1.78 (3.02) 2.24 (3.41) .321

CRP
Normal 395 (42.8) 25 (41.7) .859
Abnormal 527 (57.2) 35 (58.3)

RF
Positive 753 (83.1) 44 (74.6) .094
Negative 153 (16.9) 15 (25.4)

Anti-CCP antibody
Positive 685 (86.8) 43 (87.8) .851
Negative 104 (13.2) 6 (12.2)

Corticosteroid (mg/d) 5.0 (3.5) 4.4 (3.0) .205
Corticosteroid 747 (80.0) 49 (79.0) .857
Methotrexate 874 (93.6) 54 (87.1) .064
Hydroxychloroquine 664 (69.0) 41 (66.1) .642
Sulfasalazine 328 (35.1) 23 (37.1) .752
Leflunomide 436 (53.3) 25 (40.3) .331
DMARDs
cDMARDs 361 (38.7) 20 (32.3) .543
TNF inhibitors 316 (33.8) 23 (37.1)
Abatacept 83 (8.9) 4 (6.5)
Tocilizumab 174 (18.6) 15 (24.2)

Swollen joint count 4.8 (5.3) 4.6 (5.3) .714
Tender joint count 6.2 (6.7) 6.8 (8.1) .547
PTGA 5.7 (2.6) 6.0 (3.0) .335
PHGA 5.1 (2.5) 5.3 (2.8) .479
DAS28-ESR 4.7 (1.6) 4.7 (1.7) .906
DAS28-CRP 4.1 (1.5) 4.0 (1.6) .847
SDAI 22.1 (13.9) 22.2 (14.6) .925
CDAI 20.3 (12.7) 20.3 (13.7) .968
RAPID3 12.6 (6.6) 12.6 (7.5) .963

Data was described as mean (standard deviation) and number (%).
There are missing data for smoking (n=1), ESR (n=11), CRP (n=14), RF (n=31), and anti-CCP
antibody (n=158).
BMI=body mass index, CCP= cyclic citrullinated peptide, CDAI= clinical disease activity index,
CRP=C-reactive protein, DAS=disease activity score, DMARDs=disease modifying anti-rheumatic
drugs, ESR=erythrocyte sedimentation rate, PHGA=physician global assessment, PTGA=patient
global assessment, RAPID3= routine assessment of patient index data 3, RF= rheumatoid factor,
SDAI= simplified disease activity index, TNF= tumor necrosis factor.

Table 3

Comparison for changes of disease activity indexes according to
hypertension.

Hypertension

Variables Absence (n=934) Presence (n=62) P value

ESR �20.8 (28.1) �21.7 (33.0) .811
CRP �1.4 (3.2) �1.9 (3.7) .184
Swollen joint count �4.0 (5.4) �3.5 (5.5) .523
Tender joint count �5.0 (6.6) �4.6 (8.2) .688
PTGA �2.6 (3.0) �2.7 (3.5) .837
PHGA �3.7 (2.6) �4.0 (2.9) .429
DAS28-ESR �2.1 (1.8) �1.8 (2.1) .298
DAS28-CRP �1.9 (1.6) �1.6 (1.9) .178
SDAI �14.3 (14.2) �13.2 (15.7) .555
CDAI �12.9 (13.1) �11.7 (14.9) .459
RAPID3 �5.4 (7.0) �4.2 (7.6) .198

Data were described as mean (standard deviation).
CDAI= clinical disease activity index, CRP=C-reactive protein, DAS=disease activity score, ESR=
erythrocyte sedimentation rate, PHGA=physician global assessment, PTGA=patient global
assessment, RAPID3= routine assessment of patient index data 3, SDAI= simplified disease
activity index.

Figure 2. Kaplan–Meier curves for incidence rate of hypertension according to
cDMARDs, TNF inhibitors, abatacept, and tocilizumab over time. Line patterns
of each prescription for abatacept (thick solid line), tocilizumab (thin solid line),
TNF inhibitors (thin dashed line), and cDMARD (thick dashed line) were
presented. Beneath the figure, P values in the table are presented by pair-wise
comparison analysis between 2 DMARDs. cDMARDs=conventional disease
modifying anti-rheumatic drugs, TNF= tumor necrosis factor.
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Table 4

Cox proportional hazard model of risk factors of development of hypertension in RA according to baseline variables.

Model 1 Model 2 Model 3

Variables HR 95% CI P value HR 95% CI P value HR 95% CI P value

Age
≥60 0.850 0.439, 1.648 .631 1.003 0.449, 2.240 .994 0.996 0.439, 2.259 .992

Sex
Male 1.515 0.572, 4.012 .403 1.784 0.516, 6.176 .361 2.010 0.555, 7.280 .288

BMI (ref: normal)
Overweight 1.842 0.895, 3.793 .097 1.983 0.843, 4.666 .117 1.991 0.836, 4.741 .120
Obese 0.956 0.391, 2.338 .922 1.402 0.501, 3.919 .520 1.588 0.556, 4.531 .387

Dyslipidemia
Presence 1.569 0.656, 3.755 .311 1.736 0.639, 4.714 .279 1.475 0.544, 3.998 .445

Diabetes mellitus
Presence 1.179 0.320, 4.338 .805 1.021 0.209, 4.986 .980 1.220 0.252, 5.914 .805

Systolic blood pressure 1.050 1.019, 1.083 .002 1.049 1.011, 1.089 .012 1.049 1.009, 1.091 .016
Diastolic blood pressure 1.004 0.964, 1.045 .860 1.007 0.955, 1.063 .785 1.014 0.958, 1.075 .625
ESR
Abnormal 0.782 0.284, 2.158 .636 0.828 0.295, 2.323 .720

CRP
Abnormal 0.877 0.321, 2.400 .799 0.703 0.248, 1.993 .508

RF positivity
Abnormal 3.215 1.227, 8.422 .017 3.817 1.386, 10.510 .010

Anti-CCP positivity
Abnormal 0.588 0.124, 2.778 .503 0.401 0.079, 2.045 .272

bDMARDs (ref: cDMARDs)
TNF inhibitors 1.487 0.493, 4.486 .481 1.795 0.609, 5.288 .289
Abatacept 0.834 0.095, 7.346 .870 1.066 0.118, 9.600 .955
Tocilizumab 1.577 0.521, 4.772 .420 1.650 0.542, 5.026 .378

Methotrexate 0.220 0.082, 0.590 .003
Hydroxychloroquine 0.700 0.314, 1.558 .382
Leflunomide 1.380 0.635, 2.996 .416
Corticosteroid 1.371 0.432, 4.353 .592

BMI=body mass index, CCP= cyclic citrullinated peptide, CI= confidence interval, CRP=C-reactive protein, DMARDs=disease modifying anti-rheumatic drugs, ESR= erythrocyte sedimentation rate, HR=
hazard ratio, RF= rheumatoid factor, TNF= tumor necrosis factor.
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significantly different among all DMARDs (log-rank test,
P= .015), as shown in Figure 2. However, only the difference
of incidence rate between cDMARDs and tocilizumab was
significant (P= .001).

3.4. Determination of risk factors related with
development of HTN

Risk factors for development of HTN in the study population
were identified by Cox’s proportional hazards model after
adjusting for clinical variables and treatmentmodalities (Table 4).
Multivariate analysis (Model 1) adjusting for age, sex, BMI,
dyslipidemia, diabetes mellitus, and systolic/diastolic blood
pressure showed that only systolic blood pressure at baseline
predicted increased risk of development of HTN (HR=1.050,
95% CI 1.019–1.083, P= .002).
Following analysis adjusting for addition of ESR, CRP, RF,

anti-CCP antibody, and bDMARDs use (Model 2), increased risk
of HTN was found in patients with systolic blood pressure and
RF positivity (HR=1.049, 95% CI 1.011–1.089, P= .012 and
HR=3.215, 95% CI 1.227–8.422, P= .017, respectively).
Interestingly, increased risk of HTN was not noted in patients
treated with TNF inhibitors, abatacept, or tocilizumab compared
to those treated with cDMARDs (P> .05 for all).
In addition, Model 3 analysis also showed systolic blood

pressure and RF positivity as risk factors for development of
HTN (HR=1.049, 95% CI 1.009–1.091, P= .016 and HR=
6

3.817, 95%CI 1.386–10.510, P= .010, respectively). In contrast,
methotrexate use was negatively associated with HTN (HR=
0.220, 95% CI 0.082–0.590, P= .003). Any bDMARDs use was
not associated with development of HTN.
4. Discussion

The causes for increased morbidity and mortality observed in RA
patients are multifactorial, including CVD, lung involvement,
and infectious diseases. It is well recognized that patients with RA
have a higher risk of CVD compared to the general popula-
tion.[12–14] Generally, HTN is an important traditional risk factor
for CVD and has also been considered a potent target for
prevention of CVD, as well as for reduction of CVD-related
mortality.[15] There is a growing need to assess the risk factors for
HTN in patients treated with RA. Recently, bDMARDs therapy
has become an important therapeutic modality for treatment of
RA.[16] In this study, we assessed whether bDMARDsmight have
differential potentials for increased risk of HTN compared to
cDMARDs. The main finding of this study was that treatment
with bDMARDs, including TNF inhibitors, tocilizumab, and
abatacept, did not increase the risk of incident HTN compared to
treatment with cDMARDs.
It is well known that an increased level of inflammatory

cytokines such as TNF-a and IL-6 is an important feature in
patients with RA.[12] These cytokines were found to be closely
associated with elevation of blood pressure in hypertensive
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patients and healthy subjects.[17,18] This evidence suggests that
the anti-inflammatory effect of bDMARDs including TNF
inhibitors, IL-6 receptor antagonist (tocilizumab), and possibly
cytotoxic T-lymphocyte antigen 4-Ig (CTLA4-Ig, abatacept),
may be an important preventive or therapeutic strategy against
development of HTN. However, there has been considerable
debate about the role of bDMARDs in incident HTN in patients
with RA. Some observational studies have shown that TNF
inhibitors have a lowering effect on blood pressure in RA.[19,20]

TNF inhibitor treatment with infliximab, etanercept, and
adalimumab induced vascular dilatation through significant
change in microvascular endothelium-dependent function using
acetylcholine compared to the baseline measurement (P= .001).
Three months of anti-TNF therapy resulted in lower SBP after 3
months of anti-TNF therapy compared to nonbiologic DMARDs
controls (P= .021).[19] Yoshida et al demonstrated the lowering
effect of infliximab on ambulatory blood pressure through
attenuation of sympathetic nerve tone but not renin angiotensin
activity in RA.[20] In contrast, a cohort study using insurance
claims data from the US revealed that treatment with TNF
inhibitors did not reduce the risk of incident HTN compared to
treatment with nonbiologic DMARDs (HR 0.85, 95% CI 0.67–
1.1).[21] In contrast, a recent meta-analysis of 11 randomized
controlled trials demonstrated that TNF inhibitors might be
associated with increased risk of HTN in RA.[9] Specifically,
statistical significance was only found between certolizumab
pegol and HTN (OR 3.62, 95%CI 1.50–8.73, P= .0002) but not
with etanercept, golimumab, and infliximab. Consistently, our
study also found that treatment with TNF inhibitors including
infliximab/infliximab similars, etanercept/etanercept similars,
adalimumab, and golimumab was not related with increased
incidence of HTN compared to those treated with cDMARDs.
Data on the development of HTN induced by tocilizumab are

still insufficient. In some clinical trials, disturbance of lipid
profiles, especially low-density lipoprotein cholesterol (LDL-C),
was noted after treatment with tocilizumab.[22,23] A retrospective
post hoc analysis of data from patients who received tocilizumab
showed that baseline lipid profile was associated with increased
risk of major adverse cardiovascular events (MACE).[24] These
clinical results have raised concerns about the occurrence of CVD
in patients treated with tocilizumab. However, there is still a
debate as to whether changes in lipid parameters by tocilizumab
could increase CVD events. In contrast, a prospective observa-
tional study of treatment with tocilizumab for 6 months revealed
significant reduction of circulating CD4+/CD28� T cells, an
important marker of accelerated atherosclerosis in RA patients
with a clinical response to DAS28<2.6.[25] Recently, 2 different
cohort studies have confirmed that the risk of CVD in tocilizumab
is similar to that of other bDMARDs such as abatacept or TNF
inhibitors.[26,27] In this study, we did not find any increased risk
of tocilizumab in the development of HTN compared to the
cDMARDs group, although Kaplan–Meier analysis showed a
marked difference in HTN between tocilizumab and cDMARDs.
Consistent with recent cohort studies,[26,27] the risk of incident
HTN in tocilizumab was comparable to that of abatacept or TNF
inhibitors, as shown in Kaplan–Meier analysis.
The clinical implication of an association between abatacept

and cardiovascular outcomes has not been determined until now.
A recent cohort study using claims data from Medicare and
MarketScan for RA patients who initiated abatacept or TNF
inhibitors revealed that the abatacept group was associated with
reduced cardiovascular risk compared to the TNF inhibitors
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group, especially in patients with diabetes mellitus.[28] The
beneficial cardiovascular mechanism of abatacept can be
explained as follows. First, abatacept improves cardiovascular
risk factors such as insulin sensitivity and some components of
the lipid profile.[29,30] Second, CTLA-4 co-inhibitory pathways
are known to be responsible for the pathogenesis of atheroscle-
rosis through marked attenuation of accelerated atherosclerosis
by abatacept treatment in hypercholesterolemic ApoE3∗Leiden
mice.[31] Abatacept could more potently inhibit activation of T
cells including proatherogenic T cells such as Th1 cells and CD8+

T cells through modulation of interaction between CD28 and
CD80/CD86, rather than specific cytokine-targeted agents such
as TNF inhibitors or IL-6R antagonists. However, abatacept
treatment for 6 months worsened aortic stiffness as measured by
pulse wave velocity, which might be caused by inappropriate
control of systemic inflammation.[30] Until now, there has been
no study of whether abatacept affects the development of HTN.
We firstly observed that abatacept treatment did not increase the
risk of HTN compared to cDMARDs treatment. Additionally, its
effects were comparable to those of TNF inhibitors and
tocilizumab, as shown in Kaplan–Meier analysis.
The factors that can explain increased risk of HTN in patients

with RA remain to be fully explained. Several possible candidates
are presented, including inflammation, oxidative stress,
physical inactivity, and therapeutic medications.[5] Considering
cDMARDs-related risk for HTN, the uses of some drugs such as
methotrexate might affect the development of HTN. Our study
found that methotrexate use contributed to lower risk of incident
of HTN. A recent meta-analysis demonstrated that use of
methotrexate in diverse rheumatic diseases was significantly
associated with lower risk of all cardiovascular events including
myocardial infarction (relative risk, 0.72, 95% CI 0.057–0.091,
P= .007).[32] Mangoni et al identified the lowering effect on
clinical and 24-hour peripheral and central blood pressure in
patients with RA on MTX treatment compared to those who
were not onMTX treatment,[33] which could be explained by the
presumptive hypothesis that MTX restores vasodilation-related
adenosine in the body. Some studies demonstrated that
seropositivity for RF and/or anti-CCP antibody was associated
with ischemic heart diseases and atherosclerosis.[34,35] In
contrast, Montes et al revealed no association between RF and
subclinical atherosclerosis in patients with RA.[36] In our study,
trends in the blood pressure-lowering effect of RF positivity did
showed statistical significance.
The prevalence of HTN in RA was higher than the

approximate 29% in the general population.[3] Panoulas et al
reported that the prevalence of HTN in RA widely varied from
about 3.8% to 73% in the outcome analysis of earlier studies.[5]

This difference in prevalence in RA seems to be derived from
differences in study population (community or secondary care),
diagnostic criteria for HTN, disease severity, therapeutic
modalities, participation criteria, and study design (case–
control, retrospective cohort, or cross-sectional). A recent study
using the 2010–2012 Korea National Health and Nutrition
Examination Survey (KNHANES) demonstrated that the
prevalence of HTN in RA patients was approximately
30.3%, which was significantly higher than 16.8% in the
non-RA study population.[37] Compatible with earlier studies,
we found that 681 of the total of 2422 RA patients had
preexisting HTN (28.1%), although this study did not evaluate
a control population. A meta-analysis revealed that incidence of
anti-TNF inhibitor-related HTN was 3.25% (95% CI 1.51–

http://www.md-journal.com
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6.89%).[9] In this study, the overall incidence of HTN in RA
patients after treatment with TNF inhibitors was estimated at
5.8%, which is consistent with results within the confidence
interval of the previous meta-analysis.
This study included several limitations. First, there is a

possibility that the accuracy of determining HTN could be
reduced by measuring blood pressure only at the time of visit.
When defining HTN, it is reasonable to measure blood
pressure more frequently or use 24-hour blood pressure
measurement. Second, the risk factors associated with RA
were mainly considered in evaluating HTN of bDMARDs. It
is necessary to consider confounding variables that are not
directly related to RA.
In conclusion, the main observation of this study was that

bDMARDs treatment did not increase the risk of development of
HTN compared to cDMARDs treatment. In addition, risk of
development of HTN was not associated with changes in disease
activity indexes in RA. Finally, systolic blood pressure and RF
positivity were responsible for the risk of HTN in RA. In
addition, methotrexate use might reduce the risk of HTN in RA.
The result of this study should be confirmed through prospective
studies in a larger population.
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