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Abstract
Objective—Increased concentrations of amino-terminal prohormone brain-type natriuretic
peptide (NT-proBNP) are associated with cardiovascular morbidity and mortality, but little is
known about their relationship to chronic inflammation. Patients with rheumatoid arthritis (RA)
have chronic inflammation, increased arterial stiffness and accelerated coronary atherosclerosis.
We tested the hypothesis that NT-proBNP concentrations are elevated in patients with RA, and are
associated with coronary artery calcification and markers of inflammation.

Methods—In 159 subjects with RA (90 patients with early RA and 69 patients with longstanding
RA) without heart failure and 88 control subjects, we measured serum concentrations of NT-
proBNP, interleukin (IL)-6, and tumor necrosis factor-α (TNF-α), and coronary calcification.

Results—NT-proBNP concentrations were elevated in patients with long-standing RA [median
(IQR): 142.8 (54.8–270.5) pg/mL] and those with early RA [58.1 (19.4–157.6) pg/mL] compared
to controls [18.1 (3.2–46.0) pg/mL, P<0.001]. In patients with RA, NT-proBNP concentrations
were associated with age (ρ=0.35, P<0.001), IL-6 (ρ=0.33, P<0.001), TNF-α (ρ=0.23, P=0.003),
CRP (ρ=0.21, P=0.01), coronary calcium score (ρ=0.30, P<0.001), systolic blood pressure
(ρ=0.30, p<0.001), and disease activity (ρ=0.29, P<0.001). After adjustment for age, race and sex
the associations between NT-proBNP concentrations and disease activity (P<0.001), TNF-α
(P<0.001), IL-6 (P=0.04) and CRP concentrations (P=0.02) remained significant, but those with
systolic blood pressure (P=0.10) and coronary calcium score (P=0.27) were attenuated.

Conclusions—NT-proBNP concentrations are increased in patients with RA without clinical
heart failure and may indicate subclinical cardiovascular disease and a chronic inflammatory state.
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Patients with rheumatoid arthritis (RA) suffer premature mortality that is largely attributable
to coronary heart disease.1, 2 We and others have shown that patients with RA have
increased coronary3 and extra-coronary 4, 5 atherosclerosis. Increased atherosclerosis in
rheumatoid arthritis is not explained by traditional cardiovascular risk factors alone.6, 7
Thus, the relationship between chronic inflammation and coronary atherosclerosis is of
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interest, particularly considering the poorly understood interplay of their pathogenic
mechanisms in vascular and coronary remodelling, as well as the cross-talk among the
endocrine, autocrine, immune and circulatory systems.8, 9

B-type natriuretic peptide (BNP), a hormone synthesized and secreted mainly in the cardiac
ventricles in response to myocyte stretch, has natriuretic, diuretic and vasodilating
properties.10, 11 Originally it was considered a specific marker for ventricular dysfunction
with prognostic significance in heart failure, although more recently, its prognostic
significance in acute coronary syndrome has also been recognized.12, 13 Serum
concentrations of BNP, or its amino terminal fragment (NT-proBNP), also predict mortality
in patients with stable coronary disease14 and in the general population without symptoms
of heart failure,15 suggesting that, in addition to being a marker of ventricular dysfunction,
it is also a marker of cardiovascular risk. In a recent analysis of the Framingham Heart
study, after adjustment for conventional cardiovascular risk factors, BNP was a stronger
predictor of major cardiovascular events than C-reactive protein (CRP).16

In addition, inflammatory cytokines induce BNP production in vitro 17 and in the HOPE
study of patients with coronary artery disease, NT-proBNP concentrations were correlated
with soluble TNF receptors. 18 There is no information about the relationship between NT-
proBNP and subclinical coronary atherosclerosis and inflammation in patients with RA.We
examined the hypotheses that NT-proBNP concentrations are increased in RA and
associated with cardiovascular risk factors, markers of inflammation, and coronary artery
calcification.

Methods
Patients and control subjects

The subjects are participants in an ongoing study of cardiovascular risk in patients with RA
and detailed methods have been described.3, 6, 19 One-hundred and fifty-nine eligible
patients, older than 18 years of age who met the classification criteria for rheumatoid
arthritis,20 and 89 control subjects were studied. Control subjects did not have rheumatoid
arthritis or any other inflammatory disease. Subjects with heart failure, determined by either
a current history of heart failure requiring treatment, or at least two of the following three
criteria: a past history of heart failure, use of digoxin, or use of diuretics were excluded from
the study.

To determine whether any observed differences among patients with RA occurred early in
the illness, and therefore could play a role in pathogenesis, or act as an early prognostic
indicator, patients with early (less than 5 years duration) and established (more than 10 years
duration) were studied. Patients were recruited from an early rheumatoid arthritis registry,21
by referral from area rheumatologists, and by local advertisement. Control subjects were
recruited from patients’ acquaintances, by local advertisement, and from a database of
volunteers maintained by the General Clinical Research Center. Patients with RA (combined
early and long-standing) and controls were frequency-matched for age, sex and race. The
study was approved by the Institutional Review Board of Vanderbilt University Hospital,
and all subjects gave written informed consent.

Data collection
Clinical and demographic information was obtained through a structured interview, self-
report questionnaires, physical examination, laboratory tests, and electron beam computer
tomography and, for patients, review of medical records. Current and cumulative medication
use was determined from both the information provided by patients and medical records.
Blood pressure was determined as the average of two measurements obtained 5 minutes

Solus et al. Page 2

Arthritis Rheum. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



apart after subjects had rested in supine position for at least 10 minutes. Subjects were
considered hypertensive if they were taking anti-hypertensive agents or if they had a systolic
blood pressure of at least 140 mmHg and/or a diastolic pressure of at least 90 mmHg. In
patients, disease activity was measured using the Disease Activity Score based on evaluation
of 28 joints (DAS28). The DAS28 score is a validated composite index containing a 28-joint
count for tenderness, a 28-joint count for swelling, erythrocyte sedimentation rate (ESR),
and the patient’s overall assessment of well-being.22 Ability to perform activities of daily
living was measured using the modified Health Assessment Questionnaire (0–3) with a
score of 0 representing no impairment of function.23

Laboratory tests
Blood was collected after an overnight fast for the measurement of a complete blood count,
creatinine, total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides,
lipoprotein-a (Lpa), and homocysteine and low-density lipoprotein (LDL) cholesterol was
determined using the Friedewald formula by the Vanderbilt University Hospital clinical
laboratory. Tumor necrosis factor alpha (TNFα), interleukin-6 (IL-6) and NT-proBNP
concentrations were measured by multiplex ELISA (Linco Research/Millipore Corp.). In
patients with rheumatoid arthritis, C-reactive protein (CRP) and Westergren erythrocyte
sedimentation rate (ESR) were measured and medical records were reviewed to determine
the presence or absence of rheumatoid factor.

Coronary artery calcification
All subjects underwent imaging with a C-150 scanner (GE/Imatron, South San Francisco,
CA) as described previously.3 Scans were evaluated by a single expert investigator (PR),
unaware of the subjects’ clinical status. The degree of coronary artery calcification was
calculated as described previously.24 The area of each calcified plaque is multiplied by the
peak attenuation inside such area expressed as a coefficient (1= for an attenuation of 130–
199 Hounsfield units (HU); 2 =200–299 HU; 3= 300–400 HU and 4 >400 HU); the sum of
the scores for all coronary arterial lesions provides an overall score for each individual.24

Statistical analysis
Analysis was performed in two phases. First, data from both patients and controls were used
to assess the association between rheumatoid arthritis, cardiovascular risk factors and
chronic inflammation and NT-proBNP. Second, data from only RA patients were used to
assess the association between NT-proBNP concentrations and coronary calcification. In the
first phase, NT-proBNP concentrations were compared among patients with early RA, long-
standing RA, and control subjects using a Kruskal-Wallis test. The association between
disease status and NT-proBNP concentrations was assessed in a multivariable linear
regression model that included cardiovascular risk factors and previous cardiovascular
disease (defined as the presence of myocardial infarction, angina, stroke, or a history of
having undergone a coronary procedure such as angioplasty or stent). A sensitivity analysis
excluding individuals with history of cardiovascular events was performed.

Next, we studied factors associated with NT-proBNP separately among patients with RA
and controls. Spearman rank correlation coefficients were calculated to assess the
relationship between NT-proBNP concentrations and markers of inflammation,
cardiovascular risk factors, and coronary artery calcium scores. Multivariable linear
regressions were used to adjust for age, sex, and race. To evaluate the relative contribution
of continuous variables on a common scale, standardized beta coefficients were calculated.
Among RA patients, we further assessed the association between NT-proBNP
concentrations, disease activity, functional capacity, and TNF-α, adjusted for cardiovascular
risk factors and cholesterol profile. To ensure regression power, HDL and LDL cholesterol,
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triglycerides, Lp(a) lipoprotein were combined using principal component methods into one
factor (cholesterol profile) and included in the model.25 For all multivariable linear
regression models, Box-Cox transformation of NT-proBNP concentrations were performed
to achieve normality of residuals to satisfy regression assumptions.

In the second phase of analysis, proportional odds logistic regression models were used to
estimate unadjusted and adjusted odds ratios (OR) to evaluate the association between NT-
proBNP and coronary calcification in patients with RA.6 Regression covariates for
adjustment chosen a priori included age, sex, and race, homocysteine, rheumatoid factor,
disease activity, functional capacity, IL-6 and TNF-α.

Data are expressed as median and interquartile range [IQR]. All analyses used a 5% two
sided significant level and were performed with R 2.1.0 (The R Project for Statistical
Computing) and SAS 9.1 (SAS Insitute Cary, NC) statistical software packages. P-values
were not adjusted for multiple comparisons.

Results
Patient characteristics

The clinical characteristics of patients with early RA (n=90), with median disease duration
of 2 years [IQR:1–3 years], long-standing RA (n=69), with median disease duration of 20
years [IQR:14–24 years], and control subjects (n=88) are shown in Table 1. Patients with
long-standing RA were slightly older, had higher systolic blood pressure and a higher
percentage were more likely to be actively smoking compared to those with early disease
and controls. Serum concentrations of TNF-α, and IL-6 were markedly higher in patients
with RA than controls (Table 1).

NT-proBNP concentrations in patients with RA and controls
NT-proBNP concentrations were elevated in patients with long-standing RA [median (IQR):
142.8 (54.8–270.5) pg/mL] and early RA [58.1 (19.4–157.6) pg/mL] compared to controls
[18.1 (3.2–46.0) pg/mL, P<0.001 for both comparisons] (Figure 1). In a multiple linear
regression model the association between RA and higher NT-proBNP concentrations
remained significant (P <0.001) after adjustment for age, race, sex, cardiovascular risk
factors and previous cardiovascular disease (defined as the presence of myocardial
infarction, angina, stroke, or a history of having undergone a coronary procedure such as
angioplasty, coronary artery bypass graft or stent). These results were consistent with the
ones obtained when individuals with a previous history of cardiovascular disease were
excluded (P<0.001). There was no significant difference between patients with early and
long-standing RA (P = 0.51).

Association between NT-proBNP concentrations and clinical variables in patients with RA
and controls

In patients with RA but not control subjects, in univariate Spearman correlations NT-
proBNP concentrations were associated with inflammatory markers (IL-6, ρ=0.33, P<0.001;
TNF-α, ρ=0.23, P=0.003; CRP, ρ=0.21, P=0.01), systolic blood pressure (ρ=0.30, P<0.001),
disease activity (ρ=0.29, P<0.001), and coronary calcium (ρ=0.30, P<0.001). NT-proBNP
concentrations were significantly associated with age in both control subjects and patients
with RA. After adjustment for age, race and sex (Table 2) the associations of Box-Cox
transformed NT-proBNP concentrations with disease activity (DAS28) (P<0.001), TNF-α
(P<0.001), IL-6 (P=0.04) and CRP concentrations (P=0.02) remained significant, but those
with systolic blood pressure (P=0.10) and Agatston score (P=0.27) were attenuated in
patients with RA. Because anti TNF-α therapy could affect the biological function of
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endogenous TNF-α, in a sensitivity analysis the results from thirty two patients receiving
anti TNF-α therapy at the time of the study were excluded from analyses involving TNF-α
concentrations and the results were essentially unchanged.

The highest age, race and sex adjusted correlations between components of the DAS28 score
and NT-proBNP were for ESR (standardized beta=0.26, P<0.001) and global assessment
(standardized beta=0.24, P=0.001), and the association was weaker for the number of tender
(standardized beta=0.18, P=0.01) and swollen joints (standardized beta=0.12, P=0.11).
When cardiovascular risk factors and previous coronary artery disease were included in the
model, the relationship between BNP and DAS28 (P=0.02) and mHAQ remained significant
(P=0.04).

Association between NTproBNP and coronary calcification in patients with RA
In the proportional odds logistic regression models the association between NT-proBNP and
coronary calcification in patients with RA was no longer significant after adjusting for age
and sex (OR=1.11, 95%CI=0.99–1.25, P value=0.08), and after further adjustment for race,
homocysteine, rheumatoid factor, DAS28, MHAQ, IL-6 and TNF-α (P=0.84).

Discussion
The major findings of this study are that serum concentrations of NT-proBNP, a biomarker
of ventricular dysfunction, myocardial ischemia and atherosclerosis, are increased in
patients with RA and associated with inflammation and disease activity.

Marked elevation of B-type natriuretic peptide concentrations, measured either as BNP or
the NT-proBNP fragment, occurs in patients with heart failure or acute coronary syndrome.
13, 26, 27 BNP is produced primarily by ventricular myocytes in response to myocardial
stretch and is released into the bloodstream to compensate for left ventricular dysfunction.
28–32 Elevated concentrations in patients with acute ischemia may result from ventricular
dysfuntion, but in patients with stable ischemic heart disease BNP was associated with
inducible ischemia even after adjustment for ventricular and diastolic dysfunction.33 Thus,
either ischemia or ventricular dysfunction could lead to an increase in BNP concentration.

Recently, concentrations of BNP originally considered to be within the normal range, and
not associated with heart failure or acute myocardial ischemia, were found to be predictive
of major cardiovascular events and mortality, both in patients with a high risk of ischemic
heart disease13, 14 and in the general population.14, 15, 34 Ischemia may stimulate BNP
release directly, and BNP is expressed in the intima of human coronary arteries, particularly
of diseased vessels.31, 32 More recently, BNP immunoreactivity has been found in
cardiomyocytes, endothelial cells, infiltrating T-cells and macrophages in cardiac biopsies
from patients with severe heart failure supported by a left ventricular assist device.35 Also,
inflammatory cytokines increase the production and secretion of BNP in cultured cardiac
myocytes,17 and TNF-α is an inducer of BNP mRNA expression in human peripheral blood
mononuclear cells.35 Thus, circulating concentrations of BNP may not only be integrally
related to ventricular function and ischemia, but also to atherosclerosis and inflammation.

In the HOPE study of patients with previous coronary artery disease but no heart failure,
NT-proBNP concentrations were related to cardiovascular risk and were correlated with
soluble TNF-α receptors (r= 0.2 – 0.3) but not with CRP, IL6, and sICAM-1 (r all <0.2).18
There is little information about BNP concentrations in the setting of chronic inflammation,
particularly in a population of patients with chronic inflammation and an increased risk of
ischemic heart disease, such as occurs in RA.
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In a letter to the editor, Harney reported that BNP concentrations were approximately four
times higher in 26 patients with RA than in 32 controls who were on average 13 years
younger; also, BNP concentrations appeared related to a high proportion of patients having
occult cardiac dysfunction.36 In a study of 226 patients with RA, definite left ventricular
systolic dysfunction (ejection fraction <40%) and any systolic dysfunction (ejection fraction
<50%) were present in 5.3% and 10.2% of patients, respectively.37 Although BNP
concentrations were higher in patients with ventricular dysfunction, the authors noted
substantial overlap among those with and without ventricular dysfunction, and that the
marker performed poorly in identifying ventricular dysfunction in RA.37 Our findings,
showing a relationship between NT-proBNP concentrations and inflammatory markers,
provide a potential explanation for their observation.

We found that patients with RA had higher serum NT-proBNP concentrations than control
subjects, and this association was independent of age, race and sex. Concentrations of BNP
were increased both in patients with long-standing RA and those with relatively early
disease, and furthermore, among the patients with RA, were associated with coronary
calcium score. However, this relationship was attenuated after adjustment for age, race and
sex. NT-proBNP concentrations were significantly associated with markers of inflammation
and disease activity such as DAS28, mHAQ,IL-6, CRP and TNF-α after adjustment for age
and sex in patients with RA. When we additionally included cardiovascular risk factors and
previous coronary artery disease in the model, the relationship between NT-proBNP and
DAS28 and mHAQ remained significant. This suggests that some of the relationships
between NT-proBNP and IL-6, TNF-α and CRP in patients with RA are explained by
coronary risk factors and coronary disease, but significant associations between RA disease
activity and disability and NT-proBNP remain.

The biological mechanisms by which NT-proBNP predicts cardiovascular risk are unclear.
Interestingly, in the prospective Heart and Soul study concentrations of NT-proBNP predict
cardiovascular outcomes after adjustment for systolic and diastolic function, left ventricular
mass, exercise capacity, inducible ischemia and CRP concentrations. 38 This suggests that
NT-proBNP may capture additional components and mechanisms of cardiovascular risk.

In the general population the sensitivity/specificity of NT-proBNP concentrations of 300 pg/
ml and 1000 pg/ml and above for the diagnosis of heart failure are 99%/68% and 87%/86%,
respectively. 39 Relatively few patients with RA had concentrations in this range -
nevertheless, it is likely that the specificity of elevated NT-proBNP concentrations in RA
will be lower. Thus, an elevated NT-proBNP concentration in a patient with RA may be less
likely to equate with a diagnosis of heart failure. In addition, increasing evidence indicates
that NTproBNP is also a marker of atherosclerosis; indeed NT-proBNP, inflammation and
atherosclerosis are related in patients with RA. However, the relationship between NT-
proBNP and coronary calcium was not independent and it is therefore unlikely to be a useful
biomarker for the early detection of atherosclerosis in RA.

The findings of increased concentrations of NT-proBNP in patients with RA, and their
association with disease activity and inflammatory markers, raise several possibilities that
may not be mutually exclusive. Inflammation in patients with RA may result in subclinical
ventricular dysfunction, and this manifests as an increase in BNP concentration. This cannot
be excluded since, although patients did not have clinical heart failure, we did not perform
specific test of cardiac function. Myocardial dysfunction is well-recognized in the setting of
severe sepsis, but milder, chronic inflammation is not generally believed to cause heart
failure. However, the prevalence of heart failure is increased almost two-fold in patients
with RA,40 and in echocardiographic studies, diastolic dysfunction has been a relatively
common finding in unselected populations of patients with RA.41
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Another possibility is that RA is associated with structural heart disease such as ischemic
heart disease, as reflected by the higher coronary calcium scores in patients with RA3 and
their association with NT-proBNP concentrations. If true, then the association between NT-
proBNP and inflammatory markers could be indirect, through an association between
inflammation and atherosclerosis. However, this seems unlikely since the relationship
between NT-proBNP concentrations and coronary calcium was weak, particlularly after
statistical adjustment for age and sex. A third possibility is that NT-proBNP is increased
directly by inflammation, as suggested by its independent association with RA disease
activity. Additional longitudinal studies with measures of cardiac function will be helpful to
define the relationship between inflammation and increased BNP concentrations in patients
with RA.

These results need to be interpreted in the light of the limitations of the study. Since
echocardiographic studies were not performed, we cannot exclude the possibility that
subclinical myocardial dysfunction (either systolic or diastolic) was related to the increased
concentrations of NTproBNP in patients with RA. Current guidelines support the use of
NTproBNP as a marker of heart failure in the general population but additional studies will
be required to define its relationship to cardiac function in patients with RA.

In conclusion, NT-proBNP concentrations are increased in patients with RA without clinical
heart failure and may reflect subclinical cardiovascular risk and inflammation.
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Figure 1. Serum Concentrations of NT-proBNP in patients with early RA, long-term RA, and
controls
PANEL A: Concentrations of NT-proBNP in patients with early and late RA and control
subjects. The box represents the 25th –75th percentile. The median is shown as a line across
the box. The whiskers represent the lower quartile minus 1.5 times the interquartile range, or
the upper quartile plus 1.5 times the interquartile range. Concentrations were higher in
patients with early and late RA than control subjects, (P<0.001) for both comparisons after
adjustment for age, race and sex.
PANEL B: Model predicted concentrations of NT-proBNP after adjustment for age, sex,
homocysteine, HDL and LDL cholesterol, triglycerides, lipoprotein (a), hypertension, BMI,
diabetes, smoking, creatinine, family history of coronary heart disease, and past history of
cardiovascular disease. Adjusted means and 95% confidence intervals are represented.
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Table 1

Characteristics of Rheumatoid Arthritis Patients and Control Subjects

Characteristics: Long-standing RA (N=69) Early RA (N=90) Control subjects (N=88) P-Value

Demography:

Age (yrs) 59 (51–67) 51 (43–59) 53 (45–59) <0.001

Female (%) 74% 64% 64% 0.33

Caucasian (%) 87% 91% 84% 0.36

Current smoker (%) 26% 21% 9% 0.02

Hypertensive (%) 67% 40% 41% 0.001

Diabetes mellitus (%) 10% 11% 5% 0.25

Body mass index 27 (24–31) 28 (24–34) 27 (25–32) 0.37

Family history CHD (%) 28% 27% 30% 0.91

Coronary artery procedure* (%) 12% 7% 6% 0.35

Cardiovascular disease** 20% 11% 8% 0.06

Creatinine 0.8 (0.6–0.9) 0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.53

Homocysteine (μmol/l) 10.8 (8.2–12.4) 9.5 (8.1–11.4) 8.2 (7.2–9.6) <0.001

TNF-α (pg/ml) 6.5 (3.3–11.1) 4.7 (2.6–11.2) 3.2 (2.3–4.7) <0.001

IL-6 (pg/ml) 16.8 (6.4–58.6) 12.6 (3.7–34.6) 4.0 (1.1–18.1) <0.001

NT-proBNP (pg/ml)*** 142.8 (54.8–270.5) 58.1 (19.4–157.6) 18.1 (3.2–46.0) <0.001

*
Coronary artery procedure represents the proportion of patients who had undergone a previous stent, balloon angioplasty or coronary artery

bypass graft.

**
Cardiovascular disease represents the proportion of patients who had had a myocardial infarction, angina, stroke or coronary procedure

***
A sensitivity analysis excluding thirty two patients receiving anti TNF-α therapy at the time of the study showed essentially the same results:

NT-proBNP concentrations (pg/ml) were 152.9 [61.5–315.8] in patients with long-standing RA, 58.1 [19.1–164.7] in patients with early RA and
18.1 [3.2–46.0] in control subjects, p<0.001
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