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Abstract

Objective.—Individuals with ankylosing spondylitis (AS) have a greater cardiovascular (CV)
risk than those in the general population. The effect of tumor necrosis factor inhibitors (TNFis)
on CV risk, including on the development of hypertension (HTN), remains unclear, with some
data suggesting higher risk. We assessed the association of TNFi use with incident HTN in a
longitudinal AS cohort.

Methods.—Adults with AS enrolled in a prospective cohort in 2002—2018 were examined
every 4-6 months. TNFi use during the preceding 6 months was ascertained at each study
visit. We defined HTN by patient-reported HTN, antihypertensive medication use, or, on 2
consecutive visits, systolic blood pressure (BP) = 140 mmHg or diastolic BP = 90 mmHg.
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We evaluated the association between TNFi use and the development of HTN with marginal
structural models, estimated by inverse probability-of-treatment weighting, to account for time-
dependent confounders and informative censoring. Potential confounders included age, sex, race,
site, nonsteroidal antiinflammatory drug use, and disease activity.

Results.—We included 630 patients without baseline HTN and with at least 1 year of follow-up.
Of these, 72% were male, mean age was 39 * 13 years, and 43% used TNFi at baseline. On
follow-up (median 5 yrs), 129 developed incident HTN and 163 started on TNFi during follow-up.
TNFi use was not associated with incident HTN (adjusted HR 1.10, 95% CI 0.83-1.37).

Conclusion.—In our prospective AS cohort, TNFi use was not significantly associated with
incident HTN.
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Individuals with ankylosing spondylitis (AS) have an increased risk of cardiovascular
disease (CVD) and CVD-related mortality compared to those of the same age and sex
without AS.12 This increased cardiovascular (CV) risk in AS may be partially explained
by an increased prevalence of established CV risk factors such as hypertension (HTN), as
compared to the general population.® Chronic systemic inflammation related to AS disease
activity may be another contributor to the overall CV risk.4:56.7

Nonsteroidal antiinflammatory drugs (NSAIDs) are the first-line pharmacologic therapy in
ASS8: however, their potential for increasing CV risk®10 may limit their use in this high-risk
population. Emerging evidence suggests that tumor necrosis factor inhibitors (TNFi) may
be cardioprotective through control of the underlying inflammatory disease, although their
effect on both CV risk factors and CV events such as myocardial infarction (MI) remains
unclear.11:12 High levels of the cytokine TNF decreases blood pressure (BP) through effects
on renal physiology.13 The available data regarding the effect of TNFi use on BP or
incident HTN in AS or, more generally, axial spondyloarthritis, are limited and mixed.
Small prospective studies in AS did not demonstrate significant changes in BP with TNFi
initiation, but further inference from these studies is hampered due to their small sample size
and short follow-up duration.14.15

In our previous analysis of the Prospective Study of Outcomes in AS (PSOAS) cohort, as
well as an analysis of another prospective AS cohort, TNFi use appeared to be independently
associated with increased risk of incident HTN.16:17 However, there are 3 reasons that

these associations, which were derived using conventional multivariable models, might not
represent a true elevation of HTN risk caused by using TNFi. First, the models used in these
studies were not constructed to address this association directly.18 Second, conventional
regression models cannot account for time-dependent confounding® such as that which is
due to disease activity,29 NSAID use, adiposity, or changes thereof.2 Third, conventional
regression models cannot account for study participants who were lost to follow-up due to
reasons associated with TNFi use or HTN (informative censoring).22 Potential associations
between TNFi and CV risk require further clarity for clinical decision making. Thus, the aim
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of our study was to assess the association of TNFi use with incident HTN in a prospective
AS cohort, utilizing causal inference methods to account for time-varying confounders and
informative censoring.

Study population.

Exposure of

The PSOAS cohort has been described in detail elsewhere.23 Briefly, subjects were enrolled
if they were aged = 18 years and met the 1984 modified New York criteria for AS.24

The anterior posterior pelvis radiographs for radiographic sacroiliitis were centrally read

by an expert musculoskeletal radiologist. Individuals were recruited from the investigators’
clinics, patient support groups, and community rheumatologists. There were 5 participating
study sites: Cedars-Sinai Medical Center (Los Angeles, CA); University of Texas Health —
McGovern Medical School (Houston, TX); National Institutes of Health (NIH; Bethesda,
MD); University of California San Francisco (San Francisco, CA); and Princess Alexandra
Hospital, Queensland University of Technology (Brisbane, Australia). Enroliment in the
PSOAS cohort began in 2002 and continued through 2018.

Clinical evaluation was performed by a study site investigator using standardized protocols
at study entry and at subsequent study visits every 4-6 months. At baseline, patient
demographics and characteristics of AS disease status, date of symptom onset, patient-
reported outcomes, extramusculoskeletal manifestations, comorbidities, and medication
history were recorded. At follow-up study visits, patient-reported outcomes and medications
were collected. All medications used in the preceding 6 months, including those obtained
over the counter, were recorded per patient report, and/or through electronic medical record
(EMR) review with investigator confirmation (where available). The number of missed
doses in the past week, month, and 6 months was also documented, along with whether

the patient was still taking the medication. C-reactive protein (CRP) and erythrocyte
sedimentation rate levels were also determined at each study visit. Comorbid conditions,
including CVD and its risk factors, were ascertained at baseline and every 2 years.

All study data were also entered into REDCap (Research Database Capture) and quality
assurance of data for our study was performed by the Data Management and Statistical
Core, housed in the Biostatistics/Epidemiology/Research Design component of the Center
for Clinical and Translational Sciences at the McGovern Medical School at The University
of Texas Health Science Center at Houston. Each institution at which the study was
conducted had approval by their respective institutional review boards: Cedars-Sinai,
CR00011435/Pro00010016; University of Texas — Houston, UTH-HSC-MS-07-0022;
University of California— San Francisco, 1-01695, Ref #183280; NIH, #03-AR-0131;
Queensland University of Technology, HREC/05/QPAH/221. All patients were provided
written informed consent for enrollment into PSOAS.

interest.

TNFi use was a binary variable indicating use in the 6 months prior to the study visit. TNFis
included etanercept, infliximab, adalimumab, certolizumab pegol, and golimumab.
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Outcome of interest.

Incident HTN was defined using a modified version of the standard National Heart, Lung,
and Blood Institute study definition of HTN. Patients met criteria if they had any of the
following: a diagnosis of HTN (patient-reported and confirmed by investigators using the
EMR where available); the use of antihypertensive medication(s); or on 2 consecutive
study visits, systolic BP = 140 mmHg or diastolic BP = 90 mmHg.16:25 Antihypertensive
medications included the categories diuretics, beta blockers, calcium channel blockers,
angiotensin-converting enzyme inhibitors, and other BP medications; aspirin was excluded.
Indications for use were not recorded. Subjects were considered to have a new diagnosis of
HTN if they did not meet HTN criteria as defined above at the baseline visit but met those
criteria at a subsequent visit. Patients who met criteria for HTN at their baseline visit were
excluded from all analyses.

Other covariates.

Analysis.

We included age at each study visit, in years, which was derived from age at the baseline
visit, as well as sex, race (White, Black, Asian, other), and smoking status (current smoker,
yes/no). BMI (kg/m?, continuous) was derived from height and weight measurements

taken at study visits from 2013 onwards. NSAID usage was quantified in the cohort

by the NSAID index according to Assessment of Spondyloarthritis international Society
recommendations.2® An individual taking the full recommended dosage of an NSAID in
the 6 months preceding the study visit would receive an NSAID index of 100, whereas

an individual reporting no NSAID use would receive an index of 0. For our analyses,
NSAID use was dichotomized as continuous use (NSAID index = 50) vs on demand/no

use (NSAID index < 50).16:27 Disease activity was measured using the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI; range 0-10).28 We calculated the Ankylosing
Spondylitis Disease Activity Score (ASDAS), which was a continuous variable (possible
range 0.6 to > 6.0), using BASDAI questions 2, 3, and 6, a patient global score, and the CRP.
If the CRP was undetectable or < 2 mg/L, a constant value of 2 mg/L was utilized in the
calculation.2® Separate models included either the BASDAI or the ASDAS as a measure of
disease activity.

We included all study visits for patients who were followed longitudinally for at least 1
year in the 2003-2018 study cycles. Due to limited data collected in 2002, we excluded
study visits from that year. We initially included 834 patients in our study cohort. Those
patients with prevalent HTN at baseline (n = 204, 24% of the cohort) were then excluded
from the analysis (Figure 1). We performed descriptive statistics for baseline demographic
and clinical characteristics of patients without HTN at baseline (n = 630).

Potential confounders were determined a priori based on the current literature and our
clinical understanding of relationships3°: age, sex, race, study site, BMI, disease activity, and
NSAID use. Although smoking status and CV risk factors such as diabetes are associated
with the outcome of interest (HTN), they are not associated with TNFi use. Thus, they were
not included as confounders in our models.
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We used multiple imputation with chained equations (MICE) with 5 iterations to impute
missing values for TNFi use (5.8% missingness), NSAID use (5.8% missingness), disease
activity (11.5% missingness for BASDAI, 20.5% missingness for ASDAS), BMI (86%
missingness, due to start of standardized collection during study visits in 2013; see
sensitivity analysis below), and HTN status (2.2% missingness).31:32:33 We used a random
forest algorithm that provides robustness with regard to a potential misspecification of the
imputation model, compared to parametric MICE techniques.3*

To determine the association of TNFi use with incident HTN, we used marginal structural
models (MSM) that were estimated by inverse probability-of-treatment and censoring
weights (IPWs). Using MSM, we were able to account for disease activity, NSAID use,
and BMI as time-dependent confounders with regard to the association between TNFi

use and HTN risk.3% These methods allow for adjustment of confounders that vary over
follow-up. To minimize confounding by indication for TNFi treatment, we calculated the
inverse probability of TNFi treatment and censoring weights conditional on both baseline
and time-dependent confounders in each interval of follow-up (i.e., at each study visit).

To minimize extreme weights that could result in inflated variance and bias, we used the
stabilized weights by using the marginal means of treatment and evaluated the distribution
of weights for positivity violations. Stabilized weights were truncated at the 1st and 99th
percentiles. We assessed summary statistics of truncated stabilized weights for the presence
of extreme weights. To estimate the association between TNFi use and incident HTN to
approximate HRs and 95% Cls, we used pooled logistic regression models weighted by the
stabilized IPWs for each study visit as described in Robins et al 22

To assess the robustness of our results, we performed the following sensitivity analyses
using MSM: (1) replacement of the BASDAI covariate with the ASDAS in the multiply
imputed analyses; (2) without inclusion of the BMI covariate, due to its large degree of
missingness, in the multiply imputed analyses; (3) a complete case analysis in lieu of
multiple imputation, with the BASDAI covariate; and (4) a complete case analysis in lieu
of multiple imputation, with the ASDAS covariate. In addition, we used a conventional
regression approach, Cox proportional hazards, to model the association between TNFi use
and incident HTN, with both multiply imputed and complete case analyses. Although the
Cox models included time-varying exposures (i.e., allowed TNFi treatment status to vary
by study visit), these models were unable to account for confounding by indication to

the degree of the MSM models, nor were they able to account for informative censoring.
Since older patients included in our analyses who had not developed HTN by their baseline
study visit may be at lower risk for HTN overall, we performed an exploratory subanalysis
restricted to participants aged < 45 years at their baseline visit. To explore an association
among TNFi users with a duration > 1 year, we excluded those who were recorded as TNFi
users for only 1 study visit (equivalent to < 6 months of use). Analyses were conducted
using R, version 4.0%6 and Stata version 15 (StataCorp).

There were 834 individuals with AS from the PSOAS cohort with at least 1 year of follow-
up. After excluding those with baseline HTN (n = 204), 630 individuals remained for our
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analyses. Baseline characteristics of the cohort entered into the main analysis, stratified by
TNFi use at baseline, are shown in Table 1. Overall, the median age at study entry was

38 years (IQR 29-48 yrs), 72% were male, and 80% were White. The median symptom
duration at study entry was 13 (IQR 7-23) years, and individuals had low disease activity
(median BASDAI 3.2 [IQR 1.6-5.5]; median ASDAS 1.8 [IQR 1.2-2.6]). At baseline, 269
(43%) were on TNFi. Compared to those not on TNFi, a lower proportion of TNFi users
had an elevated CRP or were on continuous NSAIDs. However, a higher proportion of
TNFi users were obese (BMI = 30 kg/m?), with a median of 26.2 (IQR 23.2-30.0) kg/m?
compared to median 25.8 (IQR 23.2-28.8) kg/m?2 in TNFi nonusers. Apart from obesity,
CVD and CV risk factors were low (< 10%) at baseline overall. The median follow-up time
was 5.1 (IQR 2.7-7.8) years overall, and was similar between those who were baseline TNFi
users and nonusers (5.3 [IQR 2.5-8.0] vs 5.1 [IQR 3.0-7.8] yrs). Over the follow-up period,
129 developed incident HTN, and 163 started TNFi.

The results of the multivariable analyses for the association of TNFi use and incident HTN
are shown in Table 2. In the main analysis, this association was not statistically significant
(HR 1.10, 95% CI 0.83-1.37) after accounting for time-dependent confounders and loss to
follow-up. The results did not change when ASDAS replaced BASDALI as a disease activity
measure, or when BMI was excluded as a covariate in the estimation of IPW. The analyses
restricted to participants < 45 years at their baseline study visit and excluding TNFi users
with a duration < 1 year had findings similar to those of the main analysis (data not shown).
The complete case analysis included 618 subjects, in which the association between TNFi
use and incident HTN reached statistical significance (HR 1.35, 95% CI 1.09-1.69), as did
results from the conventional regression models (HR 1.08, 95% CI 1.01-1.16 after multiple
imputation and HR 1.09, 95% CI 1.01-1.17 for complete case analysis).

DISCUSSION

In this prospective AS cohort, we did not find conclusive evidence to support an increased
risk of incident HTN with TNFi use after accounting for important baseline and time-
dependent confounding factors. Our results differ from prior studies, which utilized methods
that were neither able to account for the time-varying relationships between TNFi use,
disease activity, and NSAID use nor to adjust for bias caused by informative censoring due
to loss to follow-up.

Population-level studies have shown that the incidence of CV outcomes such as Ml, and the
prevalence of CV risk factors such as HTN, are elevated among people with AS vs age- and
sex-matched comparators.12:3:37:38 However, since the relationship between AS and CV risk
is poorly understood compared to other rheumatic conditions such as rheumatoid arthritis
(RA) or psoriatic arthritis, there currently are no data-driven guidelines for management of
excess CVD burden in patients with AS.8:39.4041,42,43,44

The general hypothesis is that control of systemic inflammation with antiinflammatory
therapy leads to reduced CV risk in individuals with rheumatic disease.1%:16.17.18:45
However, this hypothesis has not been well studied in AS. The question of whether
antiinflammatory therapies attenuate CVD in AS is important not only because of the
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increased CV risk in general, regardless of AS treatment, but also because NSAIDs are the
first-line pharmacologic therapy in AS8 and may be associated with the development of
HTN. In our previous study using data from this same cohort, we found that continuous
NSAID use was associated with a modestly increased risk of incident HTN in patients with
AS, as compared to noncontinuous or no NSAID use.® Concern still remains that long-term
NSAID use in AS may increase risk of CV outcomes; thus, a better understanding of how
second- and third-line therapeutic agents influence these outcomes is important.

TNFis are second-line pharmacologic therapies for AS, but there are limited data on their
effect on CV risk factors such as HTN or CV outcomes such as Ml or stroke. 344 Several
studies of TNFi use in relation to subclinical atherosclerosis in AS have suggested that CV
risk is reduced alongside the reduction of inflammation.#>46:47.48 However, other studies

in AS did not demonstrate significant changes in BP with TNFi use, likely due to their
small sample size and short duration of follow-up.1415 Additionally, in a prospective AS
cohort based in Toronto, Fitzgerald et al found that TNFi use appeared to be an independent
predictor of incident HTN in a multivariable model.1” A similar finding was seen in our
prior study,16 although our multivariable models were not performed to estimate the direct
effect of TNFi use on HTN. The interpretation of a confounder effect in a multivariable
model may be different than that of the interpretation of the effect of the exposure of
interest.18 Although both studies adjusted for disease activity and NSAID use, the time-
varying nature of these covariates was not accounted for. However, the association of TNFi
use with the development of HTN could be biologically plausible, as studies in animal
models have shown that high levels of TNF reduce BP, while moderate levels increase BP.13
This association of TNFi use with incident HTN was also seen in a study of RA.4°

The present study has the strength of using a long-standing prospective cohort of AS patients
with multiple study visits. At baseline, patients were well balanced with regard to the
number of TNFi users vs nonusers. Since complete case analysis of data that are not missing
at random may produce biased results, we used multiple imputation methods to account for
missing data. By using MSM with IPW, we were able to account for time-varying TNFi use
as well as time-dependent confounders such as disease activity and NSAID use. We were
also able to explicitly account for informative censoring, a major concern in observational
studies with relatively long follow-up. Our findings also demonstrate that interpretations of
the associations between TNFi use and incident HTN can differ depending on the type of
statistical analysis that was conducted. Using more sophisticated methods, the statistically
significant associations were attenuated, suggesting that these associations were due to
biases inherent in the use of conventional regression models and complete case analyses.

However, we are limited by precision in this study’s main analysis to fully exclude a
modestly increased risk of HTN with TNFi use. Of note, this estimated effect size is similar
for high-dose NSAIDs. In the case of both medications, we are studying the outcome of
HTN, a CV risk factor that serves as a surrogate for CV outcomes such as Ml or stroke. We
do not know whether an increase in HTN risk would translate directly to an increased risk of
MI or stroke in this AS population. Prior literature in patients with AS and other rheumatic
diseases has suggested that treatment with therapies that target inflammation, including
NSAIDs and TNFi, may reduce the risk of CV outcomes such as M1 or stroke.#0:41.43
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Perhaps better control of disease activity and systemic inflammation balances out, and
possibly outweighs, the use of medications that increase the BP.

Other limitations of this study must be acknowledged. We used observational data from

a longitudinal cohort that had a large amount of missingness (86%) for a time-varying
covariate, BMI. TNFi initiation can increase BMI through changes in body composition.
With this degree of missingness, both complete case analysis and imputation strategies

may produce biased and thus, incorrect, results. However, the consistency of results across
sensitivity analyses provides some reassurance regarding the robustness of our results to
various assumptions that potentially bias our estimate of effect sizes. Additionally, the
remainder of covariates in our models had much lower degrees of missingness. The ability to
make causal inference for these observational data relies upon a set of assumptions.2? These
assumptions require that TNFi users and nonusers are similar after accounting for measured
confounders; that all study participants could have received treatment with TNFi in the
clinical setting; and that the treatment of interest—TNFi—was well defined in our study. As
with all observational studies, unmeasured and residual confounding may be possible, and
could bias our estimates of effect sizes. To address potential confounding by indication, we
used IPW. Although we are limited by BP measurements being available only from 2013

to 2018, we minimized misclassification of the outcome by using a composite definition

of HTN that included BP readings and HTN diagnosis or antihypertensive medication use.
TNFi use was defined by patient report and confirmation in the EMR accounting for the 6
months between each study visit, and was allowed to vary over time.

To address possible depletion of susceptibles (i.e., those who were older at baseline but

did not have HTN may have been unlikely to develop HTN), we performed a subanalysis
restricted to participants aged < 45 years and found results similar to those of the main
analysis. However, there may be prevalent user bias or channeling bias due to inclusion of
those who were TNFi users at baseline. Our use of MSM does not answer the question of
whether different durations of TNFi exposure may have different effects on the development
of HTN. Given the possibility that longer TNFi exposure is required to see clinical effects
on BP, we explored whether restricting our analysis to include only TNFi nonusers and TNFi
users = 1 year would demonstrate different results; no such differences were seen. Finally,
due to rare CV events such as Ml in our cohort, we were unable to assess the association of
TNFi use on these outcomes.

In conclusion, we did not find conclusive evidence of increased risk of HTN with TNFi

use, nor was there evidence to support a cardioprotective effect among patients with AS.

The current evidence base leaves room for potentially reduced CV risk (through reduction
of systemic inflammation) and potentially increased CV risk (through elevation of BP)

for second-line TNFi treatment in AS. Further studies with larger sample sizes and more
granular data collection in terms of confounders would be needed to better answer these
questions. When engaging in shared decision making with patients, clinicians should
continue to address the balance of risks and benefits of the available treatments, especially
regarding the burden of CV comorbidity. Beyond CV risks, considerations include other side
effects, patient comorbidities, treatment costs, and patient preferences.
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Full cohort

n=1282
TNFi ever-users: 675 (53%)

Cohort with
adequate follow-up
n=834
TNFi ever-users: 570 (68%)

Analytic cohort
n=630
TNFi ever-users: 433 (69%)

Figure 1.
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Dropped study visits in the year 2002
Excluded patients with only 1 visit

Excluded patients with baseline
hypertension

Flow chart of participant inclusion into study analyses. TNFi ever-users in each group were
defined by having at least 1 study visit in which the patient indicated they were taking any

TNFi. TNFi: tumor necrosis factor inhibitor.
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Table 2.

Results from multivariable analyses for the association of TNFi use and the development of incident
hypertension in an AS cohort.

Adjusted HR ~ 95% ClI

Main analysis using MSM (n = 630)

With BASDAI 1.10 0.83-1.37
With ASDAS 1.09 0.84-1.34
Without BMI 1.10 0.84-1.36

Complete case analysis using MSM (n = 618)4
With BASDAI 1.35 1.09-1.69
With ASDAS 1.34 1.08-1.67

Conventional regression analysisb, multiply imputed (n = 630)
Univariable 1.04 0.73-1.47
Multivariable 1.08 1.01-1.16
Conventional regression analysis, complete case (n = 618)2
Univariable 1.03 0.73-1.47
Multivariable 1.09 1.01-1.17

aCompIete-case analysis did not include BMI as a covariate due to degree of missingness. This analysis included 618 participants with 4152
observations, compared to 5393 observations for 630 participants in the multiply imputed main analyses.

Cox proportional hazards models with time-varying exposure (TNFi use). AS: ankylosing spondylitis; ASDAS: Ankylosing Spondylitis Disease
Activity Score; BASDAI: Bath Ankylosing Spondylitis Activity Index; MSM: marginal structural model; TNFi: tumor necrosis factor inhibitor.
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