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Abstract
BACKGROUND—Patients with rheumatoid arthritis (RA) are at increased risk for heart failure
and left ventricular diastolic dysfunction (LVDD). BNP may be useful to screen for LVDD in the
general population.

OBJECTIVE—We compared the effectiveness of B-type natriuretic peptide (BNP) as a screening
tool for LVDD in RA and non-RA subjects without cardiovascular disease (CVD).

METHODS—Study subjects were recruited from population-based samples with and without RA,
excluding subjects with CVD. LVDD was assessed by 2D/Doppler echocardiography and
categorized as none, mild, moderate/severe or indeterminate. Linear regression and proportional
odds models evaluated the association between LVDD and BNP adjusting for age, sex, and body
mass index.

RESULTS—Among 231 RA and 1730 non-RA subjects without CVD, BNP was significantly
higher in subjects with moderate/severe LVDD compared to those with no or mild LVDD (p=
0.02 for RA and p<0.001 for non-RA subjects). More RA subjects had elevated BNP than non-RA
subjects (16% vs. 9%, p<0.001). Positive predictive value (25% in RA and 18% in non-RA) and
sensitivity (40% in RA and 26% in non-RA) were similarly low in both cohorts, but specificity
was significantly lower in RA than in non-RA (89% vs. 94%, p=0.02).

CONCLUSIONS—While RA subjects were more likely to have elevated BNP, few RA patients
with elevated BNP actually have LVDD. Also, normal BNP levels are less likely to rule out
LVDD in RA than in non-RA subjects. Thus, BNP may be less effective for screening in RA
subjects compared to the general population.

Rheumatoid arthritis (RA) is a chronic, debilitating disease affecting ~1% of the population.
(1) Patients with RA have an increased risk of cardiovascular disease (CVD), including a
two-fold increased risk of heart failure (HF) compared to the subjects without RA.(2) In
addition, patients with RA and HF are more likely to have preserved ejection fraction
compared to HF patients without RA, and the HF in RA patients is less likely to be preceded
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by CVD.(3)Furthermore, RA patients have a higher prevalence (31%) of any left ventricular
diastolic dysfunction (LVDD) compared to non-RA subjects (26%; age and sex adjusted).(4)
Nonetheless, the prevalence of moderate/severe LVDD was similar in both groups (8% in
RA compared to 11% in non-RA). Despite this, routine screening for LVDD in RA patients
remains controversial due to expense and the lack of accurate screening tools, as well as
efficacious therapies for LVDD.

B-type natriuretic peptide (BNP) is cardiovascular biomarker that is released primarily from
the ventricles and the atrium in response to increases in volume or pressure.(5,6) BNP is a
useful adjunct to clinical assessment of patients with HF and has been suggested as a
potential screening tool for LVDD in the general population.(7) However, the high false
positive rate may lead to a high percentage of unnecessary echocardiograms. Indeed, using
BNP to screen for LVDD would require echocardiograms in 12% of those screened,
resulting in mostly negative echocardiograms (75%) and missing the majority (59%) of
patients with LVDD. Further, whether it operates similarly in patients with RA is unknown.
Indeed, few studies have examined the association between BNP and LVDD in patients with
rheumatic disease. (8–10) The objective of this study was to compare the effectiveness of
BNP as a screening tool for LVDD in RA patients and non-RA subjects without CVD.

METHODS
Study Subjects and Design

This community population-based study of residents of Olmsted County, Minnesota was
conducted using the resources of the Rochester Epidemiology Project, a population-based
medical records linkage system that allows ready access to the complete medical records
from all community medical providers.(11) An incidence cohort of all residents of Olmsted
County, Minnesota aged ≥18 years who first fulfilled 1987 American College of
Rheumatology classification criteria for RA between 1/1/1980 and 12/31/2007 was
identified.(1,12) From among this incident RA cohort, we identified eligible RA subjects,
namely those alive and living in Olmsted County. For this study, we recruited 231 (58%) of
the 401 eligible RA subjects without CVD.

A cross-sectional study comparing these RA subjects to a previously identified cohort of
subjects without RA who were randomly selected from the population of Olmsted County
was performed.(13) From this random sample of the Olmsted County population, a total of
2042 subjects participated (47% of the eligible residents invited). Of these, 312 subjects
were excluded due to prior CVD or RA. The institutional review boards of the Mayo
Foundation and the Olmsted Medical Center approved this study. All subjects provided
written informed consent prior to participation.

Data Collection
Study participation for subjects in both the RA and non-RA cohorts was identical except that
RA subjects were asked additional questions pertaining to their RA disease. Subjects in both
cohorts completed a cardiovascular risk factor and medication usage questionnaire,
underwent an echocardiogram and a physical exam (including measurement of blood
pressure, waist circumference, body mass index [BMI]) and provided a blood sample.
Medical records were reviewed to ascertain diagnoses of CVD and hypertension. History of
CVD was defined as presence of any of the following: angina pectoris, coronary artery
disease, myocardial infarction, coronary revascularization procedures (i.e. bypass grafting,
percutaneous coronary intervention), or heart failure.

In both cohorts, BNP and C-reactive protein were measured. BNP testing was performed
using the fluorescence immunoassay by Biosite Diagnostics (San Diego, California). Age-
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and sex-specific reference values were used to define elevated BNP, as previously
described.(14). For women these reference values range from 64 pg/mL at age 45 years to
167 pg/mL at age 84 years, and for men the reference values range from 35 pg/mL at age 45
years to 93 pg/mL at age 84 years. C-reactive protein testing was performed by
immunoturbidimetric assay (Roche CRPLX reagent, Indianapolis, IN). For individuals in the
RA cohort, rheumatoid factor, tumor necrosis factor alpha (TNF-alpha), interleukin 6 (IL-6)
and creatinine levels were measured. Rheumatoid factor testing was performed by
nephelometry (latex enhanced assay; Behring Nephelometer II, Dade Behring, Inc., Newark,
DE). IL-6 and TNF-alpha tests were performed by enzyme immunoassay from R & D
Systems (Minneapolis, MN). Creatinine testing was performed by modified Trinder reaction
using a colorimetric indicator (Roche Diagnostics, Indianapolis, IN).

Two-dimensional and Doppler echocardiograms were performed on all subjects in the RA
cohort following protocols identical to those used in the non-RA cohort, as previously
described.(13) All echocardiograms were performed by registered diagnostic cardiac
sonographers following standardized procedures and interpreted in the Mayo Clinic
Echocardiographic Laboratory (by BLK and DDB). The following echocardiographic
parameters were measured and/or estimated in each subject: pulmonary artery pressure, LV
mass index, both end diastolic and end systolic LV diameters, and both septum and posterior
LV wall thicknesses. Diastolic dysfunction was categorized as none (normal diastolic
function); mild, defined as impaired relaxation without evidence of increased filling
pressures; moderate, defined as impaired relaxation associated with moderate elevation of
filling pressures or pseudonormal filling; and severe, defined as advanced reduction in
compliance or reversible or fixed restrictive filling.(13) Diastolic function was classified as
indeterminate when these criteria could not be fully assessed, such as in cases of
dysrhythmias or immeasurable Doppler data, or (per protocol) when borderline Doppler
parameters did not meet cutoff values.

Statistical Methods
Descriptive statistics were used to summarize the demographics of the RA and non-RA
cohorts. Differences between the two cohorts were tested using Chi-square and rank sum
tests. Linear regression models were used to assess differences in log-transformed BNP for
RA compared to non-RA cohort adjusting for age, sex and BMI. Proportional odds models,
a variation of logistic regression for ordinal outcomes, were used to evaluate the association
between LVDD and BNP in the RA subjects. Receiver operator characteristic (ROC)
analyses were used to assess the effectiveness of BNP as a screening tool for moderate/
severe LVDD in the RA cohort. Subjects with indeterminate LVDD were excluded from
these analyses. Tests between measures of effectiveness were performed assuming the
proportions for the RA and non-RA cohorts were binomially distributed.

The optimal cutpoint was defined as the value that resulted in sensitivity and specificity
closest in distance to the point of the perfect marker (i.e. sensitivity and specificity of
100%). Since BNP has age and sex specific reference values, the residual BNP value
defined as the difference between each patient’s BNP value and the appropriate reference
value were calculated, and the optimal cutpoint for the residual values was estimated. This
allows estimation of an optimal cutpoint value that would maintain the age and sex specific
structure of the reference values.

RESULTS
The study included 231 RA subjects without CVD, who were compared to 1730 non-RA
subjects without CVD. Baseline characteristics for both cohorts are reported in Table 1. The
RA subjects (mean age [SD] 58.6 [13.0] years) were significantly younger than the non-RA
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subjects (mean age [SD] 61.3 [10.1] years), and a higher percentage of the RA cohort were
women compared to the non-RA cohort (75% vs. 55%, respectively, p<0.001). In addition, a
higher percentage of the RA cohort was non-white compared to the non-RA cohort
(p<0.001). BMI, smoking and C-reactive protein were similar in both cohorts. RA patients
were more likely to be hypertensive or using antihypertensive medications, and their
pulmonary artery pressures were higher compared to non-RA subjects (p<0.001 for both).
Few patients had abnormal ejection fraction in either cohort (1% in RA vs. 3% in non-RA;
p=0.11). Among the RA subjects, 68% were rheumatoid factor positive and the mean RA
disease duration was 8.8 (SD 6.2) years. BNP was higher in the RA cohort compared to the
non-RA cohort. More RA subjects had elevated BNP (above the age- and sex-specific upper
limit of normal values) than non-RA subjects (16% vs. 9%, respectively, p<0.001).

Among the RA subjects, 122 (53%) had normal, 48 (21%) mild, 15 (6.5%) moderate/severe
LVDD and 46 were indeterminate. Among the non-RA subjects, 1172 (68%) had normal,
286 (17%) mild, 82 (4.7%) moderate/severe LVDD and 190 were indeterminate. BNP was
significantly higher in subjects with moderate/severe LVDD compared to those with no or
mild LVDD (p= 0.02 for RA and p<0.001 for non RA subjects). Figure 1 compares the BNP
levels in RA subjects and non-RA subjects within each category of LVDD (none, mild,
moderate/severe or indeterminate) adjusted for age, sex and BMI. Displayed values in
Figure 1 are means and 95% confidence intervals obtained from linear regression models of
log-transformed BNP values. RA subjects without LVDD had higher BNP than non-RA
subjects without LVDD (fold change 1.9; p<0.001). Similarly, BNP was higher in RA
compared to non-RA subjects with mild LVDD (fold change 1.9; p<0.001) and with
moderate/severe LVDD (fold change 1.9; p = 0.11).

Among RA subjects, the association between BNP and LVDD was examined. RA subjects
with elevated BNP were more likely to have LVDD (odds ratio [OR] 2.5; 95% confidence
interval [CI]: 1.02, 6.0 adjusted for age, sex, race and BMI) as compared to those with
normal BNP. This association persisted after adjustment for C-reactive protein, TNF-alpha,
IL-6, rheumatoid factor positivity, creatinine, RA disease duration, and hypertension/use of
antihypertensive medications (OR 2.6; 95% CI: 1.01, 6.7).

The effectiveness of BNP as a screening tool for moderate/severe diastolic dysfunction was
examined (Table 2). The sensitivity was low in both cohorts (40% in RA and 26% in non-
RA), which means many of the subjects with high BNP did not have LVDD. The specificity
was significantly lower in the RA cohort compared to the non-RA cohort (89% vs. 94%,
respectively; p=0.02). This means fewer RA subjects with normal BNP have normal
diastolic function. The low positive predictive value (25%) indicates use of BNP as a
screening tool for LVDD would result in a large number of normal echocardiograms.

The optimal cutpoint for BNP was estimated in the RA subjects and was found to be
identical to the age and sex specific reference values for BNP in the general population.
Furthermore, while the positive predictive value increased with higher levels of BNP for
non-RA subjects (13% for BNP values 1–2 times the reference value and 38% for BNP
values > 2 times the reference value), it appears to rise sooner and plateau in the RA subjects
(24% for BNP value 1–2 times the reference value and 25% for BNP values > 2 times the
reference value). Therefore, increasing the BNP reference values for RA subjects will not
improve the effectiveness of this test as a screening tool for predicting LVDD.

The associations between BNP and LV diameters/wall thicknesses were also examined. LV
mass index was lower among RA subjects compared to non-RA subjects (p<0.001). Both the
end diastolic LV diameter (mean 47 [sd 4] mm in RA vs. 49 [5] mm in non-RA) and the LV
septal wall thickness (mean 9 [sd 2] mm in RA vs. 11 [2] mm in non-RA) were smaller
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among RA subjects than non-RA subjects (p<0.001 for both). There were no differences in
LV end systolic diameter (mean 29 [sd 4] mm in RA and in non-RA; p=0.89) or LV
posterior wall thickness (mean 9 [sd 2] mm in RA and 10 [1] mm in non-RA; p=0.15)
among RA subjects compared to no-RA subjects. While BNP was positively correlated with
LV mass index among non-RA subjects (p=0.043), no association between LV mass index
and BNP was noted among RA subjects (p=0.99). In other words, BNP was more strongly
associated with LV mass index in non-RA patients compared to RA subjects (interaction
p=0.033). BNP was weakly correlated with both LV diameters and both LV wall thicknesses
(Spearman correlation coefficients ranged from −0.06 to −0.14). These correlations did not
differ for RA subjects compared to non-RA subjects (interaction p>0.7 for all).

Due to the higher percentage of non-white subjects in the RA cohort, the analyses were
repeated using only white subjects. However, no differences in results were found.

DISCUSSION
Among subjects without clinical CVD, RA subjects were more likely to have elevated BNP
than non-RA subjects. RA subjects with abnormal BNP were 2.5 times more likely to have
LVDD compared to those with normal BNP, even after adjustment for RA characteristics,
including inflammatory markers (OR: 2.6; 95% CI: 1.01; 6.7). This suggests BNP may be a
useful marker of LVDD in RA subjects without CVD. However, the positive predictive
value of BNP to detect LVDD was poor and the specificity was statistically significantly
lower among RA subjects than among non-RA subjects. Thus, few RA patients with
elevated BNP levels actually have LVDD and normal BNP levels are less likely to rule out
LVDD in RA compared to non RA subjects.

While no other studies have compared the effectiveness of BNP for prediction of LVDD in
subjects with and without RA, other studies have shown findings similar to ours for BNP
and NT-proBNP in subjects with RA. Note that BNP and NT-proBNP are closely correlated
(r=0.9; p<0.001).(15) Two other studies compared BNP/NT-proBNP levels in RA subjects
and controls and found higher BNP/NT-proBNP levels in RA subjects than in controls.
(9,10) In addition, these study and others found significant correlations of NT-proBNP
levels in RA subjects with clinical and laboratory measures of RA disease activity, even
after adjustment for CVD and cardiovascular risk factors.(8,16) These findings are in
contrast to our study, where BNP levels in RA subjects were significantly higher than those
in non-RA subjects, but C-reactive protein levels were similar in both groups (as the
majority of RA subjects have established RA with low disease activity).

Two studies also included echocardiographic assessment and reported BNP/NT-proBNP
levels were significantly higher in RA subjects with measures indicative of preclinical CVD.
(8,10) Several letters suggested BNP/NT-proBNP may be useful for screening RA patients
for CVD prior to initiating treatment with Cox-2 inhibitors. (10,17,18) In addition, a recent
study suggests NT-proBNP levels decrease in RA patients following initiation of TNF-alpha
blockade treatment, and these changes correlated with changes in erythrocyte sedimentation
rate.(19)

Because BNP is primarily produced in atrial and ventricular myocytes, it is thought to be
almost exclusively a cardiac biomarker and is not commonly regarded as an inflammatory
marker.(20) Studies in other patient populations have suggested that inflammation, as well
as infections, sepsis, chronic obstructive pulmonary disease, renal failure and other clinical
conditions, influence BNP levels in the absence of myocardial dysfunction.(21–25) Thus,
elevated BNP in RA patients may not indicate CVD. In fact, the elevated BNP in patients
with RA could result from right atrial dilatation from pulmonary hypertension, which is
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more common in patients with RA. This agrees with our findings that the screening
effectiveness of BNP for prediction of LVDD in RA patients is worse than in the general
population. In addition to assessing cardiac function in RA patients with elevated BNP,
physicians should consider the possibility of alternative explanations for elevated BNP.

Furthermore, natriuretic peptides may play a significant role in modulating the immune and
endocrine systems.(26–28) Natriuretic peptide receptors are expressed by immune cells,
such as macrophages, dendritic cells and T lymphocytes. Changes in multiple subsystems,
including the immune and endocrine systems, have been implicated in the aging process.
(29) These findings along with the unexplained higher levels of BNP in women and
increases in BNP with age, lead to conjecture that the higher BNP levels in RA patients may
be associated with accelerated aging.(14,30)

We previously investigated the hypothesis of accelerated aging in patients with RA and
found the mortality experience of patients with RA was consistent with an accelerated aging
of 2 years at the incidence of RA and a rate of 11.4 years for each 10 years thereafter.(30)
Using these acceleration rates, we examined whether accelerated aging could explain the
elevation in BNP among RA subjects compared to non-RA subjects. The difference in mean
BNP between cohorts adjusting for age and sex was estimated using actual ages and
effective ages based on estimated acceleration rates for the RA cohort. Comparing these
differences revealed accelerated aging could only explain 16% of the increase in BNP in the
RA cohort. Thus, the elevation in BNP among RA patients is largely due to other, as yet
unknown, factors.

Strengths of our study include its population-based design with a sizable RA cohort (>200
subjects) and a large population-based comparison cohort (>1000 subjects). In addition,
comprehensive review of all inpatient and outpatient medical records from the community
ensured accurate assessment of CVD without recall bias. A limitation of this study is that
only 58% of eligible subjects agreed to participate in the study. However, the participation
rate among RA subjects was similar to that in the non-RA cohort, as were comparisons of
participation biases which revealed that participants were less likely to be smokers and were
better educated than non-participants, so participation bias is unlikely to have had a
substantial effect on the comparisons between the cohorts.(31) Also, a higher percentage of
the RA cohort was non-white compared to the non-RA cohort. However, analyses restricted
to white subjects revealed the same results as the full cohort. Finally, the population of
Olmsted County, Minnesota is predominantly white, so the results of this study may not be
generalizable to other more diverse populations.

In conclusion, BNP levels were higher in RA patients compared to non-RA patients and
abnormal BNP was associated with LVDD in RA subjects, suggesting BNP may be a useful
biomarker for LVDD in RA patients. However, BNP is less useful as a screening test in RA
patients when compared to the general population, largely because of its significantly lower
specificity and poor positive predictive value. While this suggests BNP will likely be of
limited clinical utility for the detection of LVDD in RA, further research is needed to
determine whether BNP could be useful for risk stratification as part of a multi-marker risk
tool. Finally, due to the poor performance of BNP in RA patients, physicians should
consider alternate possibilities to explain elevated BNP in RA patients and should not rely
solely on normal BNP to rule out CVD in these patients.
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Figure 1.
Comparison of B-type Natriuretic Peptide (BNP) in patients with rheumatoid arthritis (RA)
compared to non-RA subjects according to categories of left ventricular diastolic
dysfunction (none, mild, moderate/severe or indeterminate) adjusted for age, sex and body
mass index. Displayed values are means and 95% confidence intervals obtained from linear
regression models of log-transformed BNP values.
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Table 1

Characteristics of 231 rheumatoid arthritis (RA) and 1730 non-RA subjects without cardiovascular disease.

Characteristic RA (n = 231) Non-RA (n = 1,730) p-value

Age, years, mean ± SD 58.6 ± 13.0 61.3 ± 10.1 0.005

Female 173 (75) 947 (55) <0.001

White race 215 (93) 1690 (98) <0.001

Smoking (current or former) 104 (46) 547 (44) 0.50

BMI, kg/m2, mean ± SD 28.6 ± 5.8 28.3 ± 5.1 0.62

C-reactive protein, mg/L, median (IQR) 2.1 (0.8, 4.6) 1.9 (0.8, 4.2) 0.46

BNP, pg/mL, median (IQR) 33 (17, 58) 19 (7, 42) <0.001

 Elevated (age- and sex-specific) 38 (16) 154 (9) <0.001

Diagnosis of hypertension/use of anti-hypertensive medication 138 (60) 648 (37) <0.001

Pulmonary artery pressure, mmHg, mean ± SD 29.1 ± 5.7 22.4 ± 4.8 <0.001

Ejection fraction < 50% 2 (1) 45 (3) 0.11

Rheumatoid factor positivity 156 (68) -- --

RA disease duration, years, mean ± SD 8.8 ± 6.2 -- --

Values are n (%) unless otherwise specified. BMI = body mass index; SD = standard deviation; IQR = interquartile range.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2012 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Crowson et al. Page 11

Table 2

Implications for use of B-type Natriuretic Peptide (BNP) to screen for moderate/severe preclinical diastolic
dysfunction in rheumatoid arthritis (RA) and non-RA subjects

Measure RA Non-RA p-value

Sensitivity, % 40 26 0.26

Specificity, % 89 94 0.02

Positive predictive value, % 25 18 0.52

Negative predictive value, % 94 96 0.43
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