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Blood Pressure Trends in Patients With Seropositive
Rheumatoid Arthritis Compared With Controls Without
Rheumatoid Arthritis: A Retrospective Cohort Study

Peter Boersma, Matthew K. McElwee, “=/ Hiba Hashmi, Pamela Schreiner, Ryan T. Demmer, and Anna Shmagel

Objective. Rheumatoid arthritis (RA) conveys an increased risk of cardiovascular disease (CVD), making it im-
perative that traditional CVD risk factors are well controlled. This study compared blood pressure (BP) trends over
13 years among patients with seropositive RA and patients without RA who received care within a large health care
system in Minnesota.

Methods. This retrospective cohort study compared 774 patients with seropositive RA and 3254 patients without
RA who were matched on sex and year of birth (+5 years) and observed between 2005 and 2017. Generalized esti-
mating equation models were used for longitudinal analyses, with adjustment for demographics, body mass index,
smoking status, Charlson Comorbidity Index, number of BP measurements, and number of antihypertensive and oral
glucocorticoid medications.

Results. Patients both with and without RA had a mean age of 55 and were predominately female (78% with RA;
79% without RA). The mean follow-up was 6.3 (SD 3.4) years for patients with RA and 7.2 (SD 3.3) years for patients
without RA. Overall, systolic BP, diastolic BP, and the number of prescribed antihypertensive medications did not
differ between groups. Patients with RA were more likely to be current smokers compared with patients without RA
(23% vs 11%; P < 0.01) and were less likely to have serum lipid measurements (75% vs 85%; P < 0.01).

Conclusion. BP was similarly controlled in patients with seropositive RA and patients without RA. However, di-
astolic BP in patients with RA was trending up in most recent years. Patients with RA were also more likely to smoke

compared with controls and were less likely to have serum lipid measurements.

INTRODUCTION

Although the most clinically apparent manifestation of rheu-
matoid arthritis (RA) is synovial joint inflammation, patients with RA
are also at an increased risk for cardiovascular disease (CVD) (1-
4). Although there are several factors that contribute to the greater
CVD risk in patients with RA, much of the elevated risk is attrib-
uted to systemic inflammation (5). Other factors, such as wide-
spread corticosteroid use and physical inactivity, are also involved
in this increased risk (6,7). There is also evidence to indicate that
hypertension may be partially responsible for this increased risk
of CVD in patients with RA. A meta-analysis found that hyperten-
sion produced a relative risk of cardiovascular morbidity of 2.2 in
patients with RA, which was greater than that for type 2 diabetes
mellitus, smoking, hyperlipidemia, and obesity (8). Furthermore,
other research indicated that hypertension is the major determi-
nant of target organ damage in patients with RA (9).
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At the same time, evidence is conflicting as to whether blood
pressure (BP) is managed similarly between patients with and with-
out RA. One cohort study indicated that rheumatologists are less
likely to screen for cardiovascular risk factors, including hyperten-
sion, than primary care physicians and that primary care physicians
less frequently manage BP in patients with RA (10). Another study
found that hypertension was both underdiagnosed and under-
treated in patients with RA relative to the general population (11).
However, more recent studies suggest that management of BP
in patients with RA is similar to that of the general population. A
retrospective cohort study involving 24 859 patients with RA with
an average follow-up of more than 5 years in the United Kingdom
between 1987 and 2010 matched patients with and without based
on CVD risks and found no difference in BP management between
patients with RA and controls (12). A US-based managed-care
cohort study of 9440 patients with RA and 31 009 general con-
trols found that patients with RA were more likely to achieve target
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BP values but also were more likely to receive an antihypertensive
medication than controls (13).

Given the elevated cardiovascular risk for patients with RA,
it is imperative that traditional CVD risk factors are well controlled.
The potentially important role hypertension holds in the elevated
cardiovascular risk for patients with RA and conflicting studies
investigating BP management highlight the need for research into
how well BP is managed in patients with RA. The objective of the
present study was to compare average BP values in patients with
seropositive RA over an extended (13-year) period with those of
frequency-matched patients without RA while accounting for other
cardiovascular risk factors.

PATIENTS AND METHODS

Data source. A retrospective cohort of patients from
Fairview Health Services was identified using electronic health
record data captured in Epic (Epic Systems Corporation) for the
period of January 1, 2005, through December 31, 2017 (Figure
1). Fairview Health Services is a nonprofit integrated health sys-
tem based in Minneapolis, Minnesota, that includes 54 primary
care clinics and 12 hospitals, including the University of Minne-
sota Medical Center. The study was approved by the University
of Minnesota Institutional Review Board.

Patient selection. Adult patients with seropositive RA
(age 18 years and older) were defined as having two or more
outpatient diagnoses of RA (International Classification of Dis-
eases, Ninth Revision, Clinical Modification code 714.xx) and
a positive cyclic citrullinated peptide or rheumatoid factor test
between January 1, 2005, and December 31, 2015.

To serve as a comparison, 3254 patients without non-RA
were randomly selected at a ratio of 5:1 via frequency matching
on birth year (£5 years) and sex. The control cohort included
adult patients with no recorded diagnosis of RA and at least
two outpatient primary care visits within the Fairview System
between January 1, 2005, and December 31, 2015. Patients
from either group were removed from analysis if they had fewer
than two outpatient BP measurements by 2017 or if their follow-
up period was less than 1 year.

The date of the first outpatient RA diagnosis after January
1, 2005, marked the beginning of the follow-up period for each
patient with RA. Patients without RA were assigned start-of-fol-
low-up dates so that the proportion of patients with RA who
began follow-up in any year from 2005 to 2015 was the same
as the proportion of patients without RA. This ensured that both
groups were observed over similar periods of time.

Candidate confounders to the associations between RA sta-
tus and CVD risk factors were selected based on extensive evi-
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RA Cohort
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- Seropositive by Rheumatoid
Factor or anti-CCP test

n=¢T6

2 axcluded for having
< 2 Blood Prassura
Measuramants

Final RA Patients
=ird

Non-RA Control Cohort

- Mo recorded diagnosis of A

- 18 or clder at time of first visit

- Two or more primary carne cutpatient
visits betwsan 171720085 and
1203172015,

Freguency matched to RA 51 on sex
and year of birth (5 years)

n=3, 880

626 excluded for having
= 2 Blood Pressure
Measuramenis
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Figure 1. Flow diagram showing patient selection. CCP, cyclic citrullinated peptide; RA, rheumatoid arthritis; RF, rheumatoid factor.
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dence for cardiovascular risk factors (5,8,14. Selected confounders
included age, time-varying body mass index (BMI), sex, race,
median income of zip code, average number of BP measurements
per year, smoking status, number of prescribed antihypertensive
medications at time of BP measurement, oral glucocorticoid use
at BP measurement, and baseline Charlson Comorbidity Index
score. The Charlson Comorbidity Index is a well-established tool

to predict 10-year survival based on the following comorbidities:
age, diabetes mellitus, liver disease, malignancy, acquired immu-
nodeficiency syndrome (AIDS), moderate or severe chronic renal
disease, heart failure, myocardial infarction, chronic obstructive
pulmonary disease, peripheral vascular disease, cerebral vascular
attack/transient ischemic attack, dementia, hemiplegia, connec-
tive tissue disease, and peptic ulcer disease (15). A list of median

Table 1. Baseline characteristics of patients with and without seropositive rheumatoid arthritis
Rheumatoid Non-Rheumatoid
Arthritis (n = 774)  Arthritis (n = 3254) P?
Female sex, n (%) 611 (78.9) 2578(79.2) 0.9
Age, mean = SD, y 559+ 145 553 +14.7 0.3
Race, n (%) 0.1
Non-white 82 (10.6) 328 (10.1)
White 637 (82.3) 2751 (84.5)
Missing 55 (7.1) 175 (5.4)
Baseline BMI, n (%), kg/m* 0.4
<20 3 (5.6) 138 (4.2)
20-24.9 195 (2 2) 770 (23.7)
25-29.9 232 (30.0) 1020 (31.4)
30+ 298 (38.5) 1300 (40.0)
Missing 6 (0.8) 26 (0.8)
Median income of zip code, mean + SD, USD (thousands) 65.1+16.5 67.8 +16.7 <0.01
Length of follow-up, mean + SD, y 6.3+34 72+33 <0.01
Blood pressure measurements per patient, median (IQR) 35(15-62) 16 (8-32) <0.01
Charlson Comorbidity Index, n (%) 0.3
0 640 (82.7) 2630 (80.8)
1 83(10.7) 359 (11.0)
2+ 51 (6.6) 265 (8.1)
Comorbidities, n (%)
Chronic pulmonary disease 46 (5.9) 190 (5.8) 0.9
Diabetes 31 (4.0) 245 (7.5) <0.01
Cardiovascular disease 19(2.5) 102 (3.1) 0.3
Moderate or severe renal disease 19 (2.5) 74 (2.3) 0.8
Cancer 11 (1.4) 115 (3.5) <0.01
Baseline smoking status, n (%) <0.01
Current 183 (23.6) 365 (11.2)
Former 219 (28.3) 883 (27.1)
Never 369 (47.7) 1858 (57.1)
Missing 3(0.4) 146 (4.6)
Baseline No. of antihypertensive medications, n (%) 0.08
0 427 (55.2) 1793 (55.1)
1 157 (20.3) 563 (17.3)
2 115 (14 8) 499 (15.3)
3+ 5(9.7) 399 (12.3)
Baseline oral glucocorticoid use, n (%) 344 (44.4) 244 (7.5) <0.01

Abbreviation: BMI, body mass index; IQR, interquartile range; USD, US dollar.
2p values are presented for x? tests (binary variables), t tests (continuous), and Kaplan-Meier log rank tests (length of fol-

low-up).
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household income values for each zip code was acquired from the
University of Michigan Population Studies Center, and values were
derived from the 2006-2010 American Community Survey (16).
Data on deaths were drawn from both the Fairview Health System
as well as the Minnesota Death Index.

All outpatient BP measurements taken on or after the start-
of-follow-up date until December 31, 2017, and accompanying
medication lists were retrieved from patients’ medical records. BP
measurements taken at the emergency department, urgent care,
dialysis, infusion, and outpatient surgery were excluded. In addi-
tion, laboratory test results available during the follow-up period
were retrieved, including the lipid profile (total cholesterol, high-
density lipoprotein [HDL], and low-density lipoprotein [LDL]), and
hemoglobin A1C levels.

Statistical analysis. Missing BMI values for an outpatient
visit were assigned as the patient’s recorded BMI at the last visit.
No other missing data were filled in based on existing values.
Baseline smoking status was defined as never, former, or current
smoker based on the first recorded smoking status during a clini-
cal encounter in the year before or after follow-up began.

Baseline demographic information of patients with and with-
out was compared using x* tests for categorical variables, Mann-
Whitney-Wilcoxon or t tests for continuous variables (depending
on their distribution), or Kaplan-Meier log rank tests for length of
follow-up. Generalized estimating equation (GEE) models were
used to compare unadjusted and adjusted differences between
patients with and without. All analysis was conducted with SAS
software version 9.4 (SAS Institute, Inc).

RESULTS

Seven hundred seventy-four patients with seropositive RA
were identified and frequency-matched to 3254 patients without
RA. Table 1 shows baseline characteristics for the two groups.

The mean age was 55 in both groups, and the majority of patients
were women (78% of patients with RA and 79% of patients with-
out non-RA). Patients with RA had a shorter follow-up time (mean:
6.3 years for patients with RA and 7.2 years for patients without
RA) as well as higher mortality over the study period (18% [95%
confidence interval (Cl): 14%-22%)] for patients with RA and 10%
[95% Cl: 9%-11%] for patients without RA at 10 years after study
inclusion; log rank test P < 0.01). Both groups were largely white
(82% with RA and 84% without RA) and had overweight or obe-
sity at baseline (baseline BMI of 25 kg/m? or greater; 68% with
RA and 71% without RA). Patients with RA, on average, lived in
zip codes with a lower median income ($65 100 vs $67 800; P <
0.01) and had a higher median number of BP measurements per
year (RA: 6.0; non-RA: 2.6; P < 0.01).

By using the Charlson Comorbidity Index, patients with and
without RA had similar severity of comorbidities (excluding con-
nective tissue disease). In addition, the number of antihyperten-
sive medications at the start of follow-up did not differ between
groups, although more patients with RA were on oral glucocorti-
coids at the start of follow-up (44.4% vs 7.5%; P < 0.01). Lastly,
patients with RA had a greater proportion of current smokers at
baseline (23% vs 11%; P < 0.01). Concerning missing data, 0.4%
of patients with RA and 4.6% of patients without RA were missing
baseline smoking status data, 0.8% of patients with and without
RA were missing any BMI measurements, and 7% of patients with
RA and 5% of patients without RA were missing data on race.

To find the average systolic and diastolic BP, 117 470 unique
systolic BP measurements (RA: 36 475; non-RA: 80 995) and 117
396 unique diastolic BP measurements (RA: 36 459; non-RA: 80
937) were averaged. Both groups had a mean systolic BP of 125
mm Hg and no difference in the mean diastolic BP (RA: 74 mm
Hg; non-RA: 73 mm Hg; P = 0.1) (Table 2). There was also no
difference, on average, between patients with RA and patients
without RA in serum lipid and hemoglobin A1C values. The mean
values and SEs for HDL, LDL, total cholesterol, and hemoglobin

Table 2. Average unadjusted mean levels of blood pressure, serum lipids, and hemoglobin A1C measured from 2005 to 2017

Rheumatoid Arthritis

Non-Rheumatoid Arthritis

(n=774) (n=3254) P
Systolic blood pressure, mean (95% Cl), mm Hg 125.8 (124.9-126.8) 125.9 (125.4-126.5) 0.9
Diastolic blood pressure, mean (95% Cl), mm Hg 741 (73.5-74.8) 73.4(73.1-73.8) 0.1
HDL cholesterol, mean (95% Cl), mg/d| 55.5(53.6-57.3) 54.1 (53.4-54.9) 0.2
Missing any value, % 25 15 <0.01
LDL cholesterol, mean (95% Cl), mg/dl 102.0 (98.9-105.3) 101.1 (99.8-102.5) 0.6
Missing any value, % 26 16 <0.01
Total cholesterol, mean (95% Cl), mg/dl 186.2 (182.3-190.1) 183.0 (181.4-184.6) 0.1
Missing any value, % 25 15 <0.01
Hemoglobin A1C, mean (95% Cl), % 6.7 (6.5-7.0) 6.9 (6.8-7.0) 0.1
Missing any value, % 61 59 0.4

Abbreviation: Cl, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
P values are presented for generalized estimating equations (blood pressure, serum lipid levels, and hemoglobin A1C levels) and for logistic
regression adjusted for length of follow-up (percentage missing any value).
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A1Cwere 55+ 1,102 + 2,186 + 2, and 6.7 + 0.1 mg/dl, respec-
tively, for patients with RAand 54 + 0.4, 101 + 1,183 + 1, and 6.9
+ 0.05 mg/dl, respectively, for patients without RA (Table 2). How-
ever, after we adjusted for length of follow-up, patients with RA
were half as likely as patients without RA to have had serum lipids
measured (P < 0.01 for all lipid measurements). Of patients with
and without RA, 25% and 15% were lacking any HDL cholesterol
or total cholesterol measurement, 26% and 16% were lacking any
LDL cholesterol measurement, and 61% and 59% were lacking
any hemoglobin A1C measurement, respectively.

To examine whether the lack of a difference in the average
BP between patients with and without RA was consistent across
the study period, the average age-adjusted systolic and diastolic

St age Sysiodic Blood
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BP was calculated for each year for patients both with and with-
out RA. There was no difference in the average systolic BP over
the studied period (Figure 2A). For diastolic BP, patients with RA
had a significantly higher average diastolic BP during the years
2006, 2015, 2016, and 2017, but no difference between patients
with and without RA was observed in the remaining years (Fig-
ure 2B). To examine whether the prescribing of antihypertensive
medications differed between patients with and without RA, the
maximum number of antihypertensive medications listed on a
patient’s medicine list at any one visit was found for each year.
There was no difference between patients with and without RA in
the frequencies of the maximum number of medications listed in
any year (Figure 2C).
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To assess whether the lack of a difference in the average
systolic and diastolic BP between patients with and without RA
was due to confounding, a GEE model was run with minimal
adjustment and full adjustment (Table 3). In the minimally adjusted
model, RA was not associated with a significant difference in sys-
tolic BP (P = 0.5) or diastolic BP (P = 0.07). In the fully adjusted
model, RA was still not associated with a significant difference in
systolic BP (P = 0.5) or diastolic BP (P = 0.2).

In both the minimally and fully adjusted models, age and
BMI were significant independent predictors of systolic and dias-
tolic BP, although age was positive for systolic BP and negative
for diastolic BP, whereas BMI was positive for both. Similarly,

the number of prescribed antihypertensive medications, whether
the patient was on oral glucocorticoids, and the baseline Charl-
son Comorbidity Index score were significant for both systolic
and diastolic BP in the fully adjusted model. Sex, smoking sta-
tus, and number of BP medications were significant predictors
of diastolic BP but not systolic BP. Race and median income of
zip code were not significant predictors for systolic or diastolic
BP.

In summary, average systolic BP and diastolic BP were within
normal limits in patients with seropositive RA and controls. Sys-
tolic BP and diastolic BP did not differ between cohorts in fully
adjusted GEE models. Patients with RA were more likely to smoke

Table 3. Minimally adjusted and fully adjusted longitudinal analyses of systolic and diastolic blood pressure estimates in patients with

seropositive RA and the control cohort

Systolic Blood Pressure

Diastolic Blood Pressure

95% Confidence

95% Confidence

Estimate Interval p° Estimate Interval p°
Minimally adjusted GEE model
Patient with RA 0.35 (-0.70to 1.41) 0.5 0.64 (-0.04t01.32) 0.07
Female sex =112 (-2.40t0 0.16) 0.09 -1.5 (=2.31 to -0.69) <0.01
Non-white race -0.41 (-1.71 t0 0.90) 0.5 0.7 (-0.34t0 1.73) 02
BMI, kg/m? 0.35 (0.29t0 0.41) <0.01 0.15 (0.12t0 0.19) <0.01
Age, y 0.28 (0.25t0 0.31) <0.01 -0.12 (-0.14 to -0.10) <0.01
Fully adjusted GEE model
Patient with RA 0.06 (=1.05to 1.18) 09 0.46 (=0.25t0 1.16) 0.2
Female sex -0.82 (=2.10 to 0.45) 0.2 -1.43 (=219 to -0.67) <0.01
Non-white race -0.80 (-2.08 t0 0.48) 0.2 0.63 (=0.40 to 1.66) 0.2
Age, y 0.23 (0.20t0 0.27) <0.01 -0.11 (=0.13 to -0.09) <0.01
Median income of zip code, USD -0.02 (-0.05t0 0.01) 0.2 -0.01 (-0.03 to0 0.01) 0.4
(thousands)
BMI, kg/m? 0.31 (0.25t0 0.37) <0.01 017 (0.14 to 0.21) <0.01
Smoking status 0.7 0.01
Current 0.35 (=1.04 to 1.74) 0.6 1.31 (0.47 to 2.15) <0.01
Former -0.29 (-1.26t0 0.67) 0.6 0.18 (=0.46 t0 0.83) -0.6
Never Reference Reference
Charlson Comorbidity Index 0.01 <0.01
0 Reference Reference
1 0.50 (=0.81 to 1.80) 0.5 -0.44 (=146 t0 0.59) 04
2+ -2.61 (-4.38 t0 —0.84) <0.01 -1.90 (=2.98 to -0.82) <0.01
Antihypertensive medications, count <0.01 <0.01
0 Reference Reference
1 3.90 (3.06 to 4.74) <0.01 1.76 (1.21to 2.31) <0.01°
2 3.79 (2.76 t0 4.82) <0.01 0.95 (0.34 to 1.56) <0.01°
3+ 3.84 (2.60 to 5.09) <0.01 -0.71 (-=1.52 t0 0.09) -0.1°
Oral glucocorticoids, yes/no 1.09 (0.14 to 2.04) 0.03 0.86 (0.28 to 1.44) <0.01
Blood pressure measurements per -0.05 (=0.15to 0.04) 0.3 -0.08 (=0.13 to -0.02) <0.01

year, count

Abbreviation: BMI, body mass index; GEE, generalized estimating equation; RA, rheumatoid arthritis; USD, US dollar.

°P values are presented for GEEs.
®P values are for levels of categorical variables.
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than patients without RA and were less likely to have serum lipid
measurements.

DISCUSSION

This retrospective cohort study investigated whether patients
with seropositive RA had similar control of BP relative to patients
without RA. On average, there was no difference between these
two populations in systolic BP, in diastolic BP, or in the number of
prescribed antihypertensive medications.

Our findings were overall concordant with two other large
retrospective cohort studies, which found BP to be managed sim-
ilarly in patients with and without RA (12,13) An et al (13) found
that there was no difference in BP between patients with RA and
patients without RA at baseline and at 1-year follow-up. How-
ever, unlike the present study, only patients (patients both with
and without RA) with known hypertension were included in the
analysis. Alemao et al (12) found no difference in BP between
patients with and without RA at baseline and at 1 and 3 years.
Of note, the average BP throughout this study for both groups
(systolic BP: 136 mm Hg; diastolic BP: 79 mm Hg) was higher
than in the present study. In addition, similar to Alemao et al (12),
we found that baseline prescription of antinypertensives was
similar between patients with and without RA. Although An et al
(13) found a difference between patients with and without RA in
antihypertensive prescriptions, they investigated whether patients
received at least one prescription of an antihypertensive during 1
year of follow-up and found that 97.5% of patients without RA and
95.8% of patients with RA had been prescribed at least one anti-
hypertensive during that year. The agreement of these three stud-
ies provides strong support that BP is managed similarly between
patients with and without RA.

In contrast to these studies by An et al (13) and Alemao et al
(12), other studies found that CVD risk factors were managed
more poorly in patients with RA than in controls without RA. Desai
et al (10) found that BP, diabetes mellitus, and dyslipidemia were
all less adequately managed in patients with RA compared with
patients without RA in a cohort of 251 patients with RA. Chung
et al (17) found that patients with RA had higher systolic and dias-
tolic BP than patients without RA in a cohort of 197 patients with
RA. Bartels et al (18) found that patients with RA were more likely
to have undiagnosed hypertension than controls without RA in a
cohort of 201 patients with RA. It is important to note that none
of these studies that found a difference in the management of
CVD risk factors between patients with and without RA included
more than 251 patients without RA, whereas the An et al (13)
and Alemao et al (12) studies that did not find a difference in CVD
risk management included 9440 and 24 589 patients with RA,
respectively. Additionally, the Bartels et al (18) study was cross-
sectional, whereas the other studies were retrospective cohorts.

Practice settings also may have affected the differences in
findings between studies. The studies by An et al (13) (Kaiser Per-

manente Southern California) and Alemao et al (12) (UK clinical
practice database) were conducted in community health care set-
tings, whereas the studies by Desai et al (10), Chung et al (17), and
Bartels et al (18) were all done at academic centers. It may be that
CVD risk factor management is superior in community settings rel-
ative to academic settings because of lower complexity of cases
and a higher emphasis on preventive care. One possibility for the
differences in the results of the studies was the years included in
the study period. The two studies that did not find a difference in
CVD risk management in patients with RA were both published in
2016 (12,13), whereas the three studies that did find a difference
were published in 2012 (10,17 and 2014 (18). Because the Euro-
pean League Against Rheumatism (EULAR) guidelines that rec-
ommended annual CVD risk assessment in patients with RA were
published in early 2010, it could be that studies that did not find
a difference in the management of CVD risk factors were based
on encounters after the publication of these guidelines. This was
not the case because the study periods for An et al (13) and Ale-
mao et al (12) were 2007-2011 and 1987-2010, respectively, and
therefore the difference in the results of the studies was not due to
differences in existing guidelines.

It is concerning, however, that we saw a higher diastolic
BP in patients with RA in recent years (2015-2017). This finding
may indicate lower provider vigilance following recent reassuring
reports or it may indicate a change in BP guidelines. During the
study period, the guidelines for BP management in the general
population changed several times. The BP guidelines outlined in
the 2003 report of the Seventh Joint National Committee (JNC7)
recommended treatment of a systolic BP greater than 140 mm
Hg or a diastolic BP greater than 90 mm Hg, with tighter control
for patients with diabetes or chronic kidney disease (treatment of
a systolic BP greater than 130 mm Hg or a diastolic BP greater
than 80 mm Hg) (19). In 2008, the Minnesota Health Reform Law
required providers to submit clinical data through the Minnesota
Statewide Quality Reporting and Measurement System (20). This
was followed by years of the lowest BP values in patients with
RA and controls without RA in our study. In 2014, the report of
the JNC8 was published, which relaxed guidelines for BP control
in patients older than 65 to a systolic BP greater than 150 mm
Hg and no longer recommended increased control for diabetes
and chronic kidney disease (21). This shortly preceded the trend
toward increasing BP in our study.

Attention to BP control in patients with RA is of high impor-
tance. One cross-sectional study found that 78% of patients
with RA with target organ damage (left ventricular hypertrophy,
microalbuminuria, and elevated creatinine levels) had either poorly
controlled or undiagnosed hypertension (9). Additionally, a single-
center, cross-sectional study of 400 consecutive patients with RA
in an outpatient setting in England found that although hyperten-
sion was present in 71% of patients with RA, only 61% of those
with hypertension were being treated (11). Similarly, a US health
care record—based cohort study found delays in care for hyper-
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tension among patients with RA compared with patients without
RA (18). The trend toward rising diastolic BP among patients with
RA in 2015-2017 in our study likely reflects a higher incidence
of diastolic hypertension and could lead to worse cardiovascular
outcomes in the future.

Although our study demonstrated similar BP values in
patients with RA and patients without RA, we noted other areas
for CVD risk improvement. Fewer patients with RA than without
RA had serum lipids measured. This was consistent with a report
by Bartels et al (22) that showed that only 45% of eligible patients
with RA received lipid screening in a Medicare population sample.
In our study, lipid measurement rates were higher (75%) but stil
inferior to those in matched patients without RA (85%). As lipid
level lowering and statin use improve outcomes in patients with
RA (23,24), more universal cholesterol screening may improve
care. Additionally, patients with RA in our study were more likely
to be current smokers than patients without RA at the start of
follow-up. The 23% of current smokers at baseline in the present
study was comparable with that found in some previously pub-
lished cohort studies (baseline percentages of 24% for current
smokers and 43% for former smokers) (1,25 but was greater than
that found in other studies (14% and 12%, respectively) (10,13.
Because smoking not only predisposes patients to RA (26) but
also conveys a 50% higher risk of a cardiovascular event among
patients with RA (8), smoking cessation is another important area
for improvement of care in patients with RA.

A main strength of this study was the ability to track BP and
serum lipid levels over several years. This longitudinal approach to
measurement better captures BP control than repeat measure-
ments done at a single visit, as in a previous study that found that
hypertension was underdiagnosed and undertreated in patients
with RA (11). A second strength of this study was the restriction of
RA to only seropositive cases because this ensured that we cap-
tured patients who truly had RA. Previous cohort studies defined
RA by the 1987 American College of Rheumatology criteria for RA
(1,10,25 or by having two diagnoses of RA and a prescription of a
disease-modifying rheumatic drug (13). However, seropositivity is
associated with more severe RA and with increased all-cause and
cardiovascular mortality (27—29) Thus, our study contributes find-
ings specific to the management of patients with seropositive RA.

Among the limitations of the study was the inability to
assess more nuanced trends in BP. Although mean is an efficient
way to track longitudinal control, it fails to reveal whether BP is,
on average, variably controlled with occasional high measure-
ments or if BP is tightly controlled to a narrow range. Both of
these scenarios could result in similar longitudinal averages but
require different clinical treatment approaches. In addition, data
on medication use were limited to those available in the elec-
tronic medical record and may not accurately reflect compliance
nor account for possible drug interactions and confounding by
indication. We were unable to quantify all potential factors that
influence the relationship between RA and BP because of the

limitations of a retrospective cohort design and the electronic
medical record data source.

Because this study was performed in a large health care
system database, it relied on health care utilization and did not
capture healthier community members or patients who could
not afford health care. Hence, although the results are broadly
generalizable to other health care systems in the United States,
they are not generalizable to the population at large. The study
was also unable to account for lifetime health risks, including
incidence of RA and hypertension in both cohorts outside the
study period. In addition, our study population was overwhelm-
ingly white; thus, the results may not be applicable to patients
of other races. Of interest are studies in disadvantaged patients
with RA as well as detailed analyses in subgroups of patients
with and without RA with a diagnosis of hypertension who are on
antihypertensive medications and those with different patterns of
BP control.

In conclusion, BP was controlled similarly in patients with
and without RA. This was concordant with previously published
retrospective cohort studies, suggesting that patients with and
without RA receive similar management of traditional cardi-
ovascular risk factors. However, in our study, diastolic BP in
patients with seropositive RA was trending up in most recent
years, which calls for increased provider attention to BP man-
agement in this population. Patients with RA were also more
likely to smoke than patients without RA and were less likely
to have serum lipid measurements. These are important areas
of practice improvement of CVD risk management in patients
with RA.
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