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Abstract

Background: Individuals with chronic inflammatory diseases (CIDs) are at elevated risk for
cardiovascular diseases, but data are limited regarding risk for heart failure (HF).
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Objectives: We compared the risks of incident HF among a variety of CIDs, and to determine
whether risks varied by severity of inflammation within each CID.

Methods: We analyzed an electronic health records database from a large urban medical system
and compared individuals with CIDs vs. frequency-matched controls without CIDs, all of whom
were in regular outpatient care. We determined rates of incident HF using the Kaplan-Meier
method, and subsequently used multivariable-adjusted proportional hazards models to compare HF
risks for each CID. Exploratory analyses determined HF risks by proxy measures of CID severity.

Results: Of 37,636 patients (n=18,278 with CIDs, n=19,358 controls without CIDs), there were
960 incident HF cases over a median 3.6 years. We observed elevated risks for incident HF among
patients with systemic sclerosis [hazard ratio (HR) 7.26, 95% confidence interval (ClI) 5.72-9.21,
p<0.01], systemic lupus erythematosus (SLE) (HR 3.15, 95% CI 2.41-4.11, p<0.01), rheumatoid
arthritis (HR 1.39, 95% CI 1.13-1.71, p<0.01), and human immunodeficiency virus (HIV) (HR
1.28, 95% CI 0.99-1.66, p=0.06). There was no association of psoriasis or inflammatory bowel
disease with incident HF, although patients with these CIDs with higher C-reactive protein levels
had higher HF risks than controls.

Conclusions: Systemic sclerosis and SLE were associated with the highest risks of HF, followed
by rheumatoid arthritis and HIV. Measures of inflammation were associated with HF risk across
different CIDs.

Keywords

chronic inflammatory diseases; autoimmune disorders; inflammation; heart failure; electronic
cohort

Introduction

Individuals with chronic inflammatory diseases (CIDs) have elevated risks for
atherosclerotic cardiovascular disease (ASCVD) (1-11). The American College of
Cardiology (ACC) and American Heart Association (AHA) recognize CIDs — including
psoriasis, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and human
immunodeficiency virus (HIV) — as ASCVD risk-enhancing factors (12), but fewer data
exist regarding heart failure (HF) in CIDs. Small studies have demonstrated elevated HF
risks in persons with specific CIDs but used heterogeneous definitions of HF and generally
considered CIDs in isolation (8,13-20).

We investigated risks for incident HF in several CIDs and non-CID controls. In addition to
the CIDs listed above, we included systemic sclerosis (SSc) given known associations with
pulmonary hypertension (21) and inflammatory bowel disease (IBD) given data suggesting
heightened ASCVD risk (and perhaps HF risk) in IBDs (22-24). We hypothesized that
people with CIDs have elevated risks for HF but that these risks vary by CID type and
severity.
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We created an electronic health record-based cohort of persons with CIDs and non-CID
controls receiving regular outpatient care using the Northwestern Medicine Enterprise Data
Warehouse (NMEDW), which stores clinical observations on >6.6 million people in a large
urban medical system since 2000. For this study, we defined regular outpatient care as 21
CID specialty and/or primary care outpatient visit at least once every two years between
baseline (the first in-person outpatient encounter) and censoring dates (death, HF, or most
recent in-person outpatient encounter at least one year after baseline date). Highlighting the
external validity of the NMEDW, our previous investigations of HIV-associated CVDs in the
NMEDW yielded findings comparable to those of multicenter US HIV cohorts (25-29). The
cohort creation and research protocol was approved by the institutional review board at
Northwestern University (Chicago, IL, USA).

We first identified adults 18 years and older with CIDs during the period of observation from
1/1/2000-1/1/2019 using the following validated criteria: two or more International
Classification of Diseases-9 (ICD-9) or ICD-10 diagnosis codes within a two year period for
SSc (30), IBD (31-34), and psoriasis (35,36). SLE required three diagnosis codes in three
separate months as described previously (37,38). RA required two diagnosis codes and a
prescription for a disease-modifying anti-rheumatic drug as defined previously (39-41). HIV
was defined as previously (42) based on serology, plasma HIV RNA (viral load), and/or at
least three instances in which both HIV viral load and CD4 T lymphocyte cell count (CD4)
were ordered on the same date. Non-CID controls were frequency-matched with CID
patients on age, seX, insurance status, baseline year, and baseline presence/absence of
hypertension and/or diabetes.

Data regarding demographics and insurance were obtained from most recent clinical visits.
Baseline hypertension was defined using administrative codes (ICD-9 401 — 405 and ICD-10
110 - 115) on any date prior to one year after the baseline date (43,44). Measured blood
pressure values were not used to define hypertension given the heterogeneity of visit types
and potential for systematic differences in measurement across exposure groups (45,46).
Baseline diabetes was defined using validated ICD-9 or ICD-10 administrative codes (ICD-9
250 and ICD-10 E10 - E11, E13) and either hemoglobin Alc > 6.5% or prescription of
antidiabetic medications on any date prior to one year after the baseline date (47). Coronary
heart disease (CHD) was identified by validated code definitions for myocardial infarction,
angina, prior percutaneous coronary intervention, or other ischemic heart disease which have
high levels of agreement with expert chart review (48-51). Chronic kidney disease (CKD)
was defined by ICD-10 codes (N18 — N19). Smoking and alcohol have high rates of
missingness in NMEDW and were therefore not included as covariates. Baseline total
cholesterol and low-density lipoprotein-cholesterol were obtained from measurements taken
closest to baseline, within one year of baseline. Body-mass index (BMI) was calculated from
the closest-to-baseline concurrent height and weight measurements. Deaths were confirmed
by electronic health record chart review and linked social security death index.

Incident HF was the primary outcome in this study and defined using validated inpatient or
outpatient diagnosis codes (52-54). HF events coded within the first year after baseline were
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considered baseline and not incident diagnoses to minimize the potential for
misclassification of prevalent but not-yet-recorded HF as incident HF. Right heart failure
(RHF) was defined among people with HF if they had ICD-9 diagnosis codes for cor
pulmonale (416.9, 415.0) or ICD-10 codes for RHF (150.81) or biventricular failure (150.82).
We excluded patients with baseline HF and patients with missing baseline demographic
data. Follow-up time was defined as the time between baseline date and the earliest of
incident HF, death, and most recent face-to-face encounter through January 15t, 2019.

For statistical analyses, we first constructed cumulative HF incidence curves for the CID
subtypes stratified by age and sex, then used Cox proportional hazards models to analyze
associations of CIDs with incident HF. Non-CID controls were the reference group. Models
were constructed with specific CIDs as the exposures, with multivariable adjustment for age,
sex, race, insurance status, hypertension, and diabetes in Model 1, additional adjustment for
CKD in Model 2, and adjustment additionally for baseline and interim CHD in Model 3.
Sensitivity analyses requiring two administrative code-based HF diagnosis codes were also
performed to determine whether a less sensitive but more specific definition of HF yielded
differing results.

For secondary analyses, we used peak C-reactive protein (CRP) as a proxy for CID-
inflammation severity and determined risks for HF by CRP tertiles (3,55). For people with
HIV (PWH), we used nadir CD4 as a marker of immune progression/disease severity given
known associations of lower CD4 with HF among PWH (18,44). These analyses were
limited to patients who had CRP levels (for all CIDs except HIV) or CD4 count (for HIV)
measured.

Two-sided p-values < 0.05 were considered significant. All analyses were performed using R
(The R Foundation for Statistical Computing) version 3.5.1.

Of 39,742 people with CIDs and frequency-matched non-CID controls in regular outpatient
care, we excluded 1159 with HF at baseline, 22 with missing covariates, and 456 with >1
CID (Figure 1). Demographics and clinical covariates were consistent with known
distributions for CIDs (Table 1) (56). Patients with RA and SSc were generally older and
PWH younger; >80% of patients with RA, SSc, and SLE were women whereas the opposite
was true for PWH. The baseline prevalence in all CID groups of CHD was <5% and of
diabetes was <10%. Hypertension and CKD were particularly common among people with
SLE.

There were 1008 incident HF events over a median follow-up of 3.6 years. Proportions of
each CID group with HF during follow-up are shown in Table 2. Descriptive cumulative
incidence curves for incident heart failure in each CID group, stratified by age and sex, are
shown in Figure 2 (A-D). Patients with SSc had the highest incidence of HF in every
subgroup, followed by SLE, RA, and HIV.

After adjustment for age, sex, race, insurance status, and baseline diabetes and hypertension
(Model 1, Central Illustration), we observed significantly elevated risks for incident HF
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among patients with SSc [hazard ratio (HR) 7.25, 95% CI 5.71-9.21, p<0.001], SLE (HR
3.15, 95% CI 2.41-4.11, p<0.001), and RA (HR 1.39, 95% CI 1.13-1.71, p<0.001). PWH
had borderline significantly elevated HF risk (HR 1.28, 95% CI 0.99-1.66, p=0.06). By
comparison, hazard ratios for HF in people with hypertension or diabetes at baseline were
1.93 and 1.91, respectively (p<0.05 for both). There was no significant association of
psoriasis or IBD with HF. Findings were largely unchanged after additional adjustment for
CKD (Model 2, Central Illustration) and CHD (Online Figure 1), and in sensitivity analyses
with different administrative code-based HF definitions (Supplemental File 1).

We further phenotyped people who developed HF based on left ventricular size and ejection
fraction (EF), presence of RHF, medication use, and peak B-type natriuretic peptide (BNP)
(Table 3). The predominant HF phenotype in SSc and RA was heart failure with preserved
ejection fraction (HFpEF) and RHF was present in a far higher proportion of SSc patients
with RHF than other CIDs. Patients with SLE had equal numbers of heart failure with
reduced ejection fraction (HFrEF) and HFpEF. For psoriasis and RA, although there were
not heightened risks of HF compared to controls, HFpEF was the predominant phenotype
among those who developed HF. Although PWH with HF had, on average, the most severe
phenotypes (lowest LVEF, most LV dilation, and highest BNPs), they were by far the least
likely to be taking angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor
blockers and among the least likely to be taking beta blockers.

In exploratory analyses of patients with CRP measurements, there was a consistent, graded
association within each CID whereby patients with higher CRP levels had higher HF risks.
(Figure 3) Likewise, among PWH, those in the lowest tertile of nadir CD4 count had the
highest HF risks.

Discussion

In this study, we quantified incident HF for patients with CIDs in a large urban medical
system. We found that several CIDs were associated with elevated risks for HF, and the
relative strength of association differed for different CIDs. SSc was associated with the
highest risk for HF, followed by SLE, RA, and HIV. Higher inflammatory burden was
associated with higher HF risk for all CIDs. Our findings are consistent with magnitudes of
association observed in previous studies of single CIDs and HF (13,15-17,28), and provide
further support to guidelines identifying psoriasis, RA, SLE, and HIV as risk-enhancing
factors for CVD (12). SSc, SLE, RA, and HIV may warrant consideration for identification
of ACC/AHA stage A heart failure (57).

Our findings underscore the importance of inflammation in HF and highlight the need for
nuanced strategies to understanding, and potentially intervening upon, inflammatory triggers
of HF. Inflammation is increasingly recognized as contributing to HF overall, and
particularly HFpEF, through mechanisms such as microvascular dysfunction and endothelial
function dysregulation leading to fibrosis and diastolic dysfunction (58). Our exploratory
analyses show a clear, graded association between higher inflammatory burdens within each
CID and higher risks for HF. The differences we observed in HF risk and phenotype across
different CIDs reflect their complex and heterogeneous pathophysiologies. Therefore, while
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the role of systemic inflammation in HF is well-described (59,60) and higher systemic levels
of chronic inflammation are associated with higher rates of incident HF and worse prognosis
(61,62), reductionist approaches focusing on unified or specific inflammatory pathways may
not adequately address diverse inflammatory pathophysiologies of HF. For instance, SSc
may impart particularly elevated risk for HF due to coronary microvascular dysfunction and
myocardial fibrosis (63). Additionally, there is an increased risk of Group I pulmonary
hypertension leading to RHF in SSc. In our cohort, approximately a third of the HF patients
had RHF in the SSc group, which was by far the highest proportion of RHF observed in any
of the groups. In addition to the SSc group, we observed considerable heterogeneity in HF
phenotypes and treatment across CID groups. For instance, although PWH had the most
severe presentations of HF, on average (as indicated by lowest LVEF, highest LVEDD, and
highest BNP), they were actually the least likely to be taking common HF medications.
Further investigations into pathogenesis of, and effective treatments for, CID-associated HF
are essential.

This study should be interpreted in the context of its limitations. This was an electronic
health record-based case-cohort study in a single large urban medical system of people in
clinical care. We sought to address major confounders by (1) frequency-matching controls
(the key comparison population for each CID with respect to incident HF) on demographics
and baseline hypertension and diabetes, and (2) adjusting for additional potential
confounders in multivariable analyses. We also sought to account for confounding by
clinical visit frequency and follow-up by applying a standard definition for cases and
controls of being in regular outpatient care throughout the follow up period. Nevertheless,
selection bias and residual confounding remain possible. Substance use was not consistently
documented so we were not able to adjust for alcohol and tobacco use, a clear limitation if
people with specific CIDs have significantly higher prevalence of smoking than controls
even after matching on demographics and clinical CVD risk factors (64). Given the size of
the cohort and the lack of standardized patient-reported outcomes, we were unable to
determine CID severity, relying on CRP as the next best proxy measure. Although CRP was
only available in two-fifths of total patients with CIDs, demographics and CVD risk factors
were similar between those with CRP measured and those without, suggesting some degree
of generalizability to our larger study population. Overall, we deemed these limitations,
which we sought to address where possible, acceptable because they allowed us to analyze a
large group of people with diverse CIDs in a single set of analyses, enabling meaningful
description of relative HF risks.

Conclusions

People with SSc, SLE, and RA had significantly higher risks for incident HF compared with
controls without CIDs, and this association was borderline significant for PWH. Higher
levels of inflammatory biomarkers were associated with higher HF risks than observed
among non-CID controls. Further studies are necessary to define the diverse
pathophysiologies underlying HF in these different CIDs.
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Clinical Perspectives
Competency in Medical Knowledge 1:

Systemic sclerosis, systemic lupus erythematosus, rheumatoid arthritis, and human
immunodeficiency virus are associated with an increased risk of heart failure, in order of
decreasing magnitude.

Competency in Medical Knowledge 2:

Among persons with chronic inflammatory diseases, those with higher inflammatory
burden have higher risk for heart failure than those with lower inflammatory burden.

Translational Outlook 1:

Additional research is needed to better understand heart failure pathophysiology in
chronic inflammatory diseases.

Translational Outlook 2:

The elevated heart failure risk we observed among persons with systemic sclerosis
requires confirmation.
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People with chronic inflammatory
diseases (and matched controls) in
regular outpatient care
(n=39,742)
Missing baseline covariates
(n=22) < ) .
With baseline HF
With >1 CID during follow-up > (0=1159)
(n=456) <
People included for analysis
(n=37,636)
A
[ )
Non-CID HIV IBD Psoriasis RA SSc SLE
controls
(n=19,358) (n=2715) (n=5078) (n=5365) (n=3048) (n=801) (n=1271)

Figure 1. Cohort creation flow diagram
Persons with chronic inflammatory diseases and controls matched 1:1 based on

demographics, baseline year, hypertension, and diabetes were analyzed after excluding
persons with baseline heart failure and those with missing baseline co-variates. HF = Heart
Failure; HIV = human immunodeficiency virus; IBD = inflammatory bowel disease; Pso =
psoriasis; RA = rheumatoid arthritis; SSc = systemic sclerosis; SLE = systemic lupus
erythematosus.
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Figure 2. Heart failure cumulative incidence among chronic inflammatory disease groups
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Kaplan-Meier cumulative incidence curves for incident heart failure by chronic
inflammatory disease group over median follow-up period of 3.6 years. Curves presented for
demographic subsets. CID = chronic inflammatory disease; other abbreviations as in Figure

1.
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Figure 3. Heart failure risk among chronic inflammatory disease (CID) groups stratified by
severity of CID

Adjusted cox proportional hazard ratios (square markers) and 95% confidence intervals
(error bars) for incident heart failure (HF) for each CID group stratified by CID severity
presented in a forest plot. CID severity defined by tertile of peak C-reactive protein level
(and nadir CD4 for HIV). Adjusted for age, sex, race, insurance, hypertension, diabetes, and
chronic kidney disease (Model 2). Abbreviations as in Figure 1. N for control = 19,358
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Central Illustration. Heart failure risk among chronic inflammatory disease groups
Adjusted cox proportional hazard ratios (square markers) and 95% confidence intervals

(error bars) for incident heart failure for each chronic inflammatory disease group are
presented in forest plots after adjustment for (A) age, sex, race, insurance, hypertension,
diabetes (Model 1) and (B) additional adjustment for chronic kidney disease (Model 2). CID

= chronic inflammatory disease; other abbreviations as in Figure 1.
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