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CARDIOPULMONARY EXERCISE TESTING RESPONSES
AND PRO-BNP VALUES IN ADULTS WITH MILD DEGREES
OF DIASTOLIC DYSFUNCTION
H.R. Ahmadian1, J.R. Sherratt2, K.M. Lochner1, M. Dubois1, K.M. Leclerc1

Abstract: Diastolic dysfunction (DD) can range from a process of normal aging to overt heart failure (HF). Cardiopulmonary
exercise testing (CPET) variables (VO2max and VE/VCO2 slope), and pro-BNP values are abnormal in diastolic HF patients. These
CPET parameters have not previously been investigated in adults with varying degrees of DD without clinical HF. Ten subjects
with grade 1, and twelve with grade 2 DD had pro-BNP values measured, and subseqeuntly underwent CPET assessment. No
subjects with grade 3 or 4 DD were eligible for enrollment based on pre-existing HF or co-morbidities. CPET responses were
normal for all individuals and without significant differences between grade I and II DD. Pro-BNP values were significantly higher
in those with grade II dysfunction but still under a threshold consistent with HF. We conclude that adults with grade 1 or 2 DD
have normal and prognostically favorable CPET responses and pro-BNP values.
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Introduction

without clinical HFpEF.

Impaired left ventricular diastolic function is common
and can develop asymptomatically as a consequence
of normal aging. However, in advanced stages it can
manifest as overt heart failure with preserved ejection
fraction (HFpEF) (1).
Cardiopulmonary exercise testing (CPET) enables
integrative assessment of cardiopulmonary responses to
exercise. Maximum oxygen consumption (VO2max) and
the ventilatory equivalent of carbon dioxide (VE/VCO2)
slope have been demonstrated to be abnormal in those
with HFpEF (2-4). Whether CPET abnormalities will
manifest at various stages of diastolic dysfunction in the
absence of clinically diagnosed heart failure has not been
previously investigated.
Pro-BNP (B-type natriuretic peptide) is a
neurohormone released by the myocardium in response
to increased ventricular volume or pressures and has
been shown to be elevated in patients with advanced
diastolic dysfunction or HFpEF (5).
The aim of this study was to determine to what extent
a degree of diastolic dysfunction reveals abnormalities, if
any, of VO2max, VE/VCO2 slope, and pro-BNP in adults
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Eligible subjects were 18-85 years of age with ejection
fraction > 50%, no worse than moderate valvular heart
disease, and able to safely perform treadmill exercise.
Echocardiograms and medical records were reviewed
and grade of diastolic dysfunction was determined
using criteria published by the American Society of
Echocardiography (6).
Ten subjects with Grade I and twelve subjects with
grade II diastolic dysfunction were enrolled. Our intent
had been to enroll candidates with more advanced
diastolic dysfunction (grades III and IV) but they were
found to have either established HFpEF or prohibitive
co-morbidities and were unable to be enrolled.
Patients underwent treadmill CPET and a serum
pro-BNP was drawn no more than 24 hours prior to
the CPET. Standard endpoints for cessation of the
exercise test were utilized. V02 peak was the highest
value recorded. It was considered to be prognostically
poor at a value < 14 ml/kg/min2. The VE/VCO2 slope
was defined as the best-fit slope of all data points (7).
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A slope > 34 is accepted as an abnormally high value
that portends poorer prognosis. A pro-BNP value of
> 300pg/ml was considered to be abnormal across all
age groups to a degree that could be consistent with
congestive heart failure (5, 8).

Results
Subjects were demographically similar. Only one
grade I subject and 6 of 12 grade II subjects were on beta
blockers. None had a clinical history of heart failure
(Table 1).
Table 2 displays selected test data. Maximal exercise
was achieved in all subjects. Lateral mitral annulus
E/e’ ratio and left atrial volume index (LAVI), both
echocardiographic reflections of elevated left atrial
pressure and/or advanced diastolic dysfunction,
were not, on average, elevated within each group nor
significantly different between the two groups. Only one
grade I subject, and two grade II subjects had elevated
E/e’ ratios. Three subjects in the grade I diastolic
dysfunction group had a LAVI exceeding the upper limit
of normal value of 28, as did four of the grade II subjects.
All of the grade I subjects had a pro-BNP values well
within normal, all being less than 76.5 pg/ml. ProBNP was significantly higher in the group with grade
II diastolic dysfunction (34.8 vs. 263.3 pg/ml; p = .003),
driven primarily by two outlying values (703 and 1260
pg/ml). If these two values were excluded there was a
non-significant trend for elevated pro-BNP in the grade
II diastolic dysfunction group. (average pro-BNP of 119.5
vs. 34.8 pg/ml).
In all subjects, peak VO2 was well above the
conventional prognostically poor value of 14ml/kg/
min. There was no significant difference between the two
groups. In subjects with grade I diastolic dysfunction,
Table 1
Baseline characteristics of subjects by degree of diastolic
dysfunction
Grade I (n = 10)

Grade II (n = 12)

Variable

Average (range)

Average (range)

P value

Gender

9 male, 1 female

8 male, 4 female

0,323

Age (years)

65.6 (51.0-84.0)

61.6 (53.0-74.0)

0,426

Weight (kg)

92.6 (77.1-154.2)

98.4 (60.0-11.4)

0,56

Body Mass Index
(BMI)

31.5 (26.1-43.7)

30.6 (23.3-40.0)

0,703

African American

3

2

Caucasian

4

8

Hispanic

3

2

1

6

Race

Β-Blocker use

0,457

0,074

VE/VCO2 slope was well within normal (< 30) in 8
of 10 subjects, with two slightly elevated values but
none exceeding the prognostically poor threshold of
34. In grade II subjects, 7 of 12 had a slope < 30. Of the
remaining 5, only one was greater than 34. Overall, there
was no statistical difference between groups.

Discussion
To our knowledge, the investigation of peak VO2, VE/
VCO2 slope, along with pro-BNP, has not been examined
in varying degrees of diastolic dysfunction in the absence
of clinical heart failure.
Our results suggest that in patients without clinical
heart failure that have grade I or II diastolic dysfunction,
selected CPET measures and pro-BNP are likely to be
within normal range and prognostically favorable.
This is consistent with other published reports.
Crowson, et al demonstrated higher BNP values in
patients with rheumatoid arthritis, particularly those
with advancing degrees of diastolic dysfunction as
compared to normal subjects though none were of a
value that would be diagnostic of congestive heart failure
(> 100 pg/ml in the case of BNP) (9). The specifics of
the echocardiographic classifications were not published
in their manuscript. In a cross sectional study in a
Portuguese community of individuals over the age of
45 years, Goncalves found an incidence of 32.9% with
impaired relaxation (grade I diastolic dysfunction) by
echocardiographic measures but there was no significant
difference in BNP elevation (defined as > 30 pg/
ml) compared to normal subjects (10). Romano et al
examined BNP values in 127 adult outpatients with type
II diabetes (11). Based on echocardiography, 42% had
impaired relaxation (grade I diastolic dysfunction); the
remainder had normal diastolic profiles. Similar to our
results, the BNP values were well within normal and
without significant differences between the two groups.
One provocative finding is worth specific highlight.
One individual in the grade II diastolic dysfunction
group had the highest VE/VCO2 slope (36.4), the highest
pro-BNP value of 1260 pg/mil, the highest left atrial
volume index of 49.5 ml/m2, and lowest LVEF at 50%.
Within 6 months following this testing she was seen
clinically with a new diagnosis of HFpEF based on
development of lower extremity edema and progressive
shortness of breath. Though only one case in point, it
raises the consideration that the findings of abnormal
VE/VCO2 slope, elevated pro-BNP, particularly in
combination with other echocardiographic measures
of advanced diastolic dysfunction, such as an elevated
LAVI, may allow identification of individuals at risk for
the development of clinical heart failure.
Our results suggest that in patients without clinical
heart failure that have grade I or II diastolic dysfunction,
selected CPET measures and pro-BNP are likely to be at
prognostically good levels. Routine assessment by CPET
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Table 2
Selected CPET, Echo, and pBNP values by grade of
diastolic dysfunction
Grade I (n = 10)

Grade II (n-=12)

Average (range)

Average (range)

P value

peak VO2 (ml/kg/
min)

23.5 (17-34.6)

22.7 (12.5-32.1)

0,818

% of max predicted

101.5 (68.0-128.0)

95.8 (83.0-120.0)

0,431

VE/VCO2 slope

27.4 (20.3-33.6)

29.2 (25.4-36.4)

0,279

RER

1.16 (1.05-1.25)

1.15 (1.00-1.29)

0,863

Pro-BNP

34.8 (5.6-76.4)

263.2 (27.61260.0)

0 .003

Lateral E/e' ratio

10.1 (6.1-17.8)

8.5 (6.2-15.2)

0 .708

Left atrial volume
index

25.0 (17.2-34.7)

25.3 (18.9-49.7)

0,269

Variable

VO2 – Maximum oxygen consumption; VE/VCO2- ventilator equivalent of carbon dioxide; RER- respiratory exchange ratio; Lateral E/e’ ratio: Ratio of early
diastolic filling peak velocity from mitral inflows to mitral annulus early diastolic
peak velocity from tissue Doppler.

or pro-BNP would be expected to be of low diagnostic
yield. However, these negative results could serve as a
point of reassurance for both the patient and clinician.
In situations where clinical suspicion for possible heart
failure is high, the finding of abnormal VE/VCO2 slope
and/or elevated pro-BNP may be an early clue to the
future development of clinical heart failure.
There are several limitations of this study. Subjects
were clinically and ethnically diverse, precluding
extrapolation to a single clinical entity, gender, or race.
The majority of our subjects were men, limiting the
extension of our conclusions to women.
The absence of suitable subjects with restrictive filling
(grades III and IV) limited our overall enrollment to a
smaller sample size than initially planned which restricts
conclusions to those with lower grades of diastolic
dysfunction.
It is possible for diastolic LV filling pressures to be
somewhat dynamic (12). Determination of diastolic
dysfunction by echocardiographic measures at different
points of time could support a different rating (e.g. from
grade I to grade II and vice versa) which would have
altered subject classification in this study.
In summary, this was the first investigation of
selected CPET parameters of prognostic significance
and associated pro-BNP values in patients without heart
failure, with grades I and II diastolic dysfunction.
Our results found that for both groups on average,
peak VO2 and VE/VCO2 slope were within normal
and in a prognostically favorable range. Pro-BNP was

significantly higher in the grade II diastolic dysfunction
group but in both groups as a whole, below a value
consistent with congestive heart failure. In the vast
majority of patients with these lesser degrees of diastolic
dysfunction, assessment with CPET and pro-BNP
measurement would provide reassuring negative results.
In patients with a high suspicion for HFpEF, abnormal
VE/VCO2 slope by CPET, and/or elevated pro-BNP
may serve as a clue for the progression to clinical heart
failure and warrant closer follow-up. The provocative
findings in this small investigative study promote future
investigations on a larger scale.
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