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Abstract

Background: Anaerobic threshold (AT) during cardiopulmonary exercise testing (CPET) is not always determinable
in patients with heart failure (HF). However, little is known about the clinical features of patients with HF who have
indeterminable AT. Therefore, the present study aimed to clarify the clinical features of such patients.

Methods: A total of 70 patients with HF (58 males; age: 68±12 years) who underwent CPET during hospitalization
were divided into two groups: determinable AT (n=50) and indeterminable AT (n=20). Physical function,
echocardiographic results, and laboratory findings were subsequently determined.

Results: Univariate analyses showed that the indeterminable AT group had significantly higher age and left
ventricular ejection fraction, and significantly lower body mass index, calf circumference, handgrip strength, walking
speed, serum hemoglobin, and serum albumin than the determinable AT group. Multiple logistic regression analysis
identified handgrip strength and walking speed as independent predictive factors for indeterminable AT. Receiver-
operating characteristic analyses revealed that handgrip strength of 21.2 kg and walking speed of 0.97 m/s were
optimal cutoff values for differentiating patients who were likely to experience indeterminable AT.

Conclusions: The present study identified handgrip strength and walking speed as powerful predictors for
indeterminable AT with HF.
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Introduction

Cardiopulmonary exercise testing (CPET) is a well-accepted
method for evaluating exercise tolerance in patients with heart
failure (HF) because it can provide useful information, such
as disease severity and pathophysiological condition, and is a
prognostic predictor.1–4 Anaerobic threshold (AT) is widely used
as an index of exercise tolerance, primarily because it does
not require maximal exercise for its determination.5 AT has
also been recommended as an indicator of optimal exercise
training intensity during cardiac rehabilitation.6 However, AT
cannot always be determined in patients with HF. A previous
study suggested that indeterminable AT may be associated
with poor prognosis in patients with HF.7 However, little is
known about the clinical features of patients with HF who have
indeterminable AT.

Sarcopenia is generally accepted as a geriatric syndrome that
entails progressive loss of skeletal muscle mass and lower
physical function. In a previous study, patients with HF were
shown to have increased prevalence of sarcopenia, which is
closely associated with increased risk of clinical events, including
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poor prognosis.8

Based on these findings, we hypothesized that lower physical
function, such as that occurring during sarcopenia, is closely
related to indeterminable AT. Thus, the present study aimed
to clarify the clinical features of patients with HF who have
indeterminable AT.

Methods

Study subjects
This was a noninterventional study that used already existing

data collected for clinical purposes. According to the ethical
guidelines for medical and health research involving human
subjects in Japan, we made an announcement for the population
to which the study subjects belonged, with respect to the detail of
the study, and provided an opportunity for refusal or withdrawal.
The study was approved by the Fujita Health University Ethical
Review Board (HM 17-104).

The study design was cross-sectional, and the eligible
participants were 228 patients admitted to Fujita Health
University Bantane Hospital for worsening HF between April
2016 to March 2019. Patients who could not walk 10 m
independently (n=97), had severe dementia (n=10), had a
history of severe obstructive lung disease (n=6), died during
admission (n=12), or did not perform CPET at discharge (n=33)
were excluded. Accordingly, 50 patients whose AT could be
determined (determinable AT group) and 20 whose AT could
not be determined (indeterminable AT group) during CPET
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were evaluated in the present study. Clinical data, including
laboratory measurements and echocardiography results, and
physical function measurements, including handgrip strength, calf
circumference, and walking speed, at 1 week before discharge
were obtained from clinical charts.

Exercise testing
Each patient underwent CPET on a cycle ergometer at a

progressively increasing work rate until they reached maximum
tolerance. The test protocol was in accordance with the
recommendations of the American College of Sports Medicine
(ACSM).9 All patients began at 10 W for a 3-min warm-
up, followed by a 10 W/min ramp increment protocol up to
the termination criteria.10 The test termination criteria were
based on the ACSM criteria. A qualified exercise physiologist
conducted each test with physician supervision. Continuous 12-
lead electrocardiogram monitoring was employed, while blood
pressure was measured every minute during exercise and
throughout the recovery period. Respiratory gas exchange
variables, including oxygen uptake (VO2), carbon dioxide
production (VCO2), and minute ventilation (VE), were acquired
continuously throughout the exercise testing using the Aero
Monitor AE-301 (Minato Medical Science, Osaka, Japan) through
which gas exchange data were obtained with each breath. AT
was determined using several methods based on conventional
criteria: the point at which the plot of VCO2 against VO2 first
departed from linearity during CPET (V-slope method), the
point at which VE/VO2 increased after being stable or decreased
while VE/VCO2 remained constant or was decreasing, and the
point at which the gas exchange ratio began to increase more
steeply after being stable or slowly rising.11–14 In the absence of
clinical events, CPET was self-interrupted by the patients stating
that they had reached maximal effort. All CPET procedures
were performed by a cardiologist and a physical therapist who
specialized in CPET.

Physical function
Physical function was evaluated based on handgrip strength,

calf circumference, and walking speed. Handgrip strength
was measured three times for each hand using a Jamar
dynamometer, with the highest value selected for analysis.
For the measurements, participants were asked to sit with
their wrist in a neutral position and their elbow flexed at 90°.
Calf circumference was measured to the nearest 0.1 cm in
the prone position using a non-elastic tape measure and was
recorded as the average of two trials for each leg that were
subsequently combined to obtain an average for both legs. For
the measurements, the tape measure was placed around the calf
without compressing the subcutaneous tissue and was moved
along the length of the calf to obtain the maximal circumference.
Walking speed was evaluated using the 10-m usual-pace walk test
wherein subjects were requested to walk at a comfortable pace
for 14 m, and the first 10 m was timed. The test was conducted
twice and the fastest speed was selected for analysis.

Statistical analysis
Data are presented as mean±standard deviation for continuous

variables and as percentage for categorical data. Differences
between the two groups were evaluated by Student’s unpaired
t-test or the Mann–Whitney U test for continuous variables
and by the chi-square test or Fisher’s exact test for categorical
variables. Variables with values of p<0.1 on bivariate analysis

were entered into multiple logistic regression analysis using a
forced entry method to determine independent predictors for
determinable AT. Receiver-operating characteristic (ROC) curves
were constructed, and the area under each curve was evaluated
to select a cutoff value for predicting determinable AT. All
analyses were performed using the SPSS 21.0 software package
(SPSS Inc., Tokyo, Japan) with values of p<0.05 were considered
statistically significant.

Results

Clinical characteristics
A total of 70 patients (56 men) were enrolled, among whom

20 (28.5%) belonged to the indeterminable AT group and 50
belonged to the determinable AT group. The baseline clinical
characteristics are presented in Table 1. The mean age was
68±12 years (range: 40–94 years), with the indeterminable
AT group having older age than the determinable AT group.
The indeterminable AT group had lower male prevalence
and body mass index than the determinable AT group. No
differences in use of angiotensin-converting enzyme inhibitors
(ACEi), angiotensin II receptor blockers (ARBs), beta-blockers,
and diuretics were observed between the two groups. No
significant difference in N-terminal pro brain natriuretic peptide
(NT-proBNP) was observed between the two groups. The
indeterminable AT group had higher left ventricular ejection
fraction (EF) based on the Simpson method, lower handgrip
strength, calf circumference, and walking speed, and lower
respiratory exchange ratio (RER) and peak VO2 compared with
the determinable AT group.

Multiple logistic regression analysis
Table 2 shows the results of the multiple logistic regression

analysis for predictors of determinable AT. Handgrip strength
and walking speed were identified as independent predictors for
determinable AT, even after adjustment for confounding factors.

ROC analysis
Figure 1 shows the ROC curves of handgrip strength and

walking speed for predicting determinable AT. Handgrip strength
and walking speed had an area under the curve of 0.895 (95%
confidence interval [CI]: 0.81–0.97; p<0.01) and 0.835 (95% CI:
0.71–0.95; p<0.01), respectively. A cutoff value of 21.2 kg for
handgrip strength yielded a sensitivity of 93.9% and a specificity
of 80.0%. Similarly, a cutoff value of 0.97 m/s for walking speed
yielded a sensitivity of 83.7% and a specificity of 80.0%.

Discussion

The principal finding of the present study on patients with
HF was that the indeterminable AT group had lower physical
function than the determinable AT group. To the best of our
knowledge, this is the first report to demonstrate that lower
physical function could be closely related to indeterminable AT
during CPET.

Our findings showed that approximately 20% of patients
with HF had indeterminable AT. Moreover, the ROC analyses
showed that cutoff values of 21.2 kg for handgrip strength and
0.97 m/s for walking speed were able to predict indeterminable
AT. Although physical function was strongly associated with
indeterminable AT in the present study, left ventricular EF and
NT-proBNP were not.

Physical function effect on indeterminable AT in HF
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AT is the exercise level above which anaerobic metabolism
is added to aerobic metabolism. AT is determined on the
basis of oxygen delivery and oxygen extraction/utilization in the
skeletal muscles.15–17 Oxygen delivery is influenced by cardiac
output, blood flow distribution, systematic vascular resistance,
endothelial function, and arterial oxygen content.18–20 Oxygen
extraction/utilization is influenced by muscle mass and muscle
quality, including muscle fiber type, mitochondrial structure
and function, and activation of enzymes associated with energy
metabolism.15,21–23 Several physiological mechanisms may explain
why AT is indeterminable in some patients, the most likely being
uneven intramuscular and intermuscular blood flow distribution
during exercise, uneven oxygen flow resistance between the
capillary bed and mitochondria, and the presence of muscular
fibers with uneven O2 extraction/utilization. Briefly, the time

frame during which anaerobiosis develops within different muscle
fibers in a ramp protocol exercise can become considerably
wide, meaning that a threshold shared by the majority of muscle
fibers no longer exists.7 As described above, muscle impairment
could be considered a mechanism for indeterminable AT among
patients with HF who have low physical function, as shown in
this study. Another underlying mechanism for indeterminable AT
could be insufficient workload during CPET. CPET can be only
considered representative of maximal effort when RER >1.05
has been reached,24 given that RER >1.05 at peak effort implies
usage of anaerobic metabolism to produce adenosine triphosphate
regardless of AT identification.25 Indeed, some patients in the
indeterminable AT group did not reach RER >1.05. Therefore,
such patients may be considered to have completed CPET before
reaching AT because of low physical function.

Table 1 Baseline clinical characteristics

Determinable AT group
(n=50)

Indeterminable AT group
(n=20) p

Age, years 65±11 76±12 <0.01
Male sex, n (%) 47 (94) 12 (60) <0.01
BMI, kg/m2 24.0±5.1 21.6±3.8 0.04
Cause of heart failure, n (%) <0.01
 CAD 16 (32) 7 (35)
 DCM 28 (56) 3 (15)
 Others 6 (12) 10 (50)
Atrial fibrillation, n (%) 9 (18) 6 (30) 0.27
Pharmacotherapy, n (%)
 ACEi/ARB 28 (56) 9 (45) 0.41
 Beta-blocker 34 (68) 15 (75) 0.56
 Diuretics 34 (68) 14 (70) 0.87
LVEF, % 43.4±14.1 54.2±17.2 <0.01
HFrEF/HFpEF, n 21/29 4/16 0.08
Serum hemoglobin, g/dL 14.0±2.4 12.2±2.4 <0.01
Serum albumin, g/dL 3.9±0.4 3.6±0.4 0.10
eGFR, mL/min/1.73 m2 60.9±18.0 59.5±22.2 0.79
NT-proBNP, pg/mL 2516±3962 4950±7554 0.08
Calf circumference, cm 35.1±4.3 31.5±3.6 <0.01
Handgrip strength, kg 31.7±6.9 19.6±6.5 <0.01
Walking speed, m/s 1.26±0.29 0.88±0.35 <0.01
Peak VO2/W, mL/kg/min 15.5±3.9 10.8±2.8 <0.01
Peak RER 1.16±0.09 1.07±0.09 <0.01
EOV, n (%) 6 (8) 4 (5) 0.38

Data are shown as mean±SD, unless otherwise indicated.
AT, anaerobic threshold; BMI, body mass index; CAD, coronary artery disease; DCM, dilated cardiomyopathy; ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin II receptor blocker; LVEF, left ventricular ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro brain natriuretic peptide; Peak VO2, peak
oxygen uptake; Peak RER, peak respiratory exchange ratio; EOV, exercise oscillatory ventilation.

Table 2 Multiple regression analysis for predictors of determinable AT

B SE Wald p Exp (B)
95% CI of Exp (B)

Lower Upper
Age −0.012 0.050 0.060 0.807 0.988 0.896 1.089
BMI 0.016 0.251 0.004 0.951 1.016 0.621 1.661
Male 0.495 1.084 0.209 0.648 0.609 0.073 5.104
Handgrip strength 0.311 0.115 7.314 0.007 1.365 1.090 1.711
Walking speed 0.512 0.219 5.457 0.019 1.699 1.085 2.557
Calf circumference 0.016 0.285 0.003 0.954 0.984 0.563 1.720
Serum hemoglobin 0.031 0.251 0.015 0.902 0.969 0.593 1.586
LVEF −1.815 1.277 2.019 0.155 6.140 0.502 75.038

BMI, body mass index; LVEF, left ventricular ejection fraction; CI, confidence interval.
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While the present study had an indeterminable AT prevalence
rate of 20%, a previous study that evaluated only patients
with reduced EF had an indeterminable AT prevalence rate
of 9.4%.7 Our study included patients with both reduced and
preserved EF. Notably, patients with HF who have preserved EF
generally have characteristics of older age or female sex with
frequent low physical function. Thus, inclusion of patients with
preserved EF may be a reason for the higher indeterminable AT
prevalence rate observed in the present study compared with the
previous study.

Our ROC analyses for predicting the presence of AT revealed
cutoff values of 21.2 kg for handgrip strength and 0.97 m/s for
walking speed. These cutoff values were almost equal to those
in the simplified Japanese criteria for sarcopenia,26 which were
handgrip strength of <20 kg for females and walking speed of
<1.0 m/s. Sarcopenia has been associated with not only loss of
muscle mass, but also muscle dysfunction and impaired physical
performance. Changes in muscle fiber distribution, blood flow,
mitochondrial structure and function, and oxidative stress affect
muscle loss and muscle quality impairment.27 Considering that
the muscle loss and muscle dysfunction observed in sarcopenia
correspond to the physiological features of patients with
indeterminable AT, the results of the present study suggest that
sarcopenia may be a potential determinant for indeterminable AT.

CPET is commonly used in clinical practice for several
purposes, including evaluation of exercise tolerance, HF severity,
etiology of symptoms, and exercise training intensity.4 However,
in patients with HF who have indeterminable AT, CPET may not
be useful for deciding exercise training intensity and may provide
only limited information. Therefore, the purpose of CPET among
patients with presumed sarcopenia should be clarified, and
different assessment methods such as a field walking test should
be utilized to evaluate exercise tolerance or exercise training
intensity. Unfortunately, we did not conduct a follow-up study and
it is unclear whether the patients with indeterminable AT had
a poor prognosis. Large-scale prospective studies are needed to
address this issue.

There are several limitations to the present study. First,

the study was performed in a small number of patients,
which could possibly limit the interpretation of our results.
Second, the patients had a low ACEi/ARB prescription rate
of about 50%. A previous large-scale registry study reported
that patients with older age and HF with preserved EF were
less likely to receive ACEi/ARB therapy.28,29 These may be the
reasons why our patients had a low prescription rate of ACEi/
ARB. However, there was no difference in the prescription
rate of ACEi/ARB between the two groups. Accordingly, the
low ACEi/ARB prescription rate did not influence the results.
Third, a previous study reported the presence of interobserver
variability in determination of AT.30 However, the expiratory gas
and ventilation data were recorded and analyzed by two CPET
experts who were blinded to the findings in the present study.

In conclusion, the present study revealed that indeterminable
AT was strongly related to low physical function in patients
with HF. Therefore, the results suggest that the presence of
sarcopenia should be evaluated prior to CPET, and that CPET
does not constitute an appropriate exercise prescription for
patients with HF who have low physical function.

Conflicts of Interest

Hideo Izawa has received grant support through his institution
from Takeda, Shionogi, Otsuka, Pfizer, Teijin, and Daiichi-Sankyo
and honoraria for lectures from Otsuka and Daiichi-Sankyo.

Funding Sources

This work was supported by JSPS KAKENHI grant no.
19K08567 (Hideo Izawa).

References

 1. Balady GJ, Arena R, Sietsema K, Myers J, Coke L, Fletcher
GF, Forman D, Franklin B, Guazzi M, Gulati M, Keteyian SJ,
Lavie CJ, Macko R, Mancini D, Milani RV. Clinician’s Guide to
cardiopulmonary exercise testing in adults: a scientific statement

Figure 1 Receiver-operating characteristic curves of handgrip strength and walking speed for predicting the presence of AT.

Physical function effect on indeterminable AT in HF

68



from the American Heart Association. Circulation 2010; 122:
191–225.

 2. Francis DP, Shamim W, Davies LC, Piepoli MF, Ponikowski P, Anker
SD, Coats AJ. Cardiopulmonary exercise testing for prognosis in
chronic heart failure: continuous and independent prognostic value
from VE/VCO2 slope and peak VO2. Eur Heart J 2000; 21: 154–61.

 3. Mezzani A. Cardiopulmonary Exercise Testing: Basics of
Methodology and Measurements. Ann Am Thorac Soc 2017; 14:
S3–11.

 4. Mezzani A, Agostoni P, Cohen-Solal A, Corrà U, Jegier A, Kouidi
E, Mazic S, Meurin P, Piepoli M, Simon A, Laethem CV, Vanhees
L. Standards for the use of cardiopulmonary exercise testing for the
functional evaluation of cardiac patients: a report from the Exercise
Physiology Section of the European Association for Cardiovascular
Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil 2009;
16: 249–67.

 5. Tomono J, Adachi H, Oshima S, Kurabayashi M. Usefulness of
anaerobic threshold to peak oxygen uptake ratio to determine the
severity and pathophysiological condition of chronic heart failure. J
Cardiol 2016; 68: 373–8.

 6. JCS Joint Working Group. Guidelines for rehabilitation in patients
with cardiovascular disease (JCS 2012). Circ J 2014; 78: 2022–93.

 7. Agostoni P, Corrà U, Cattadori G, et al. Prognostic value of
indeterminable anaerobic threshold in heart failure. Circ Heart Fail
2013; 6: 977–87.

 8. McLean RR, Kiel DP. Developing consensus criteria for sarcopenia:
an update. J Bone Miner Res 2015; 30: 588–92.

 9. Hanson P. Clinical exercise testing. Philadelphia: Lea & Febiger;
1998: 205–22.

10. Fletcher GF, Froelicher VF, Hartley LH, Haskell WL, Pollock ML.
Exercise standards. A statement for health professionals from the
American Heart Association. Circulation 1990; 82: 2286–322.

11. Santos EL, Giannella-Neto A. Comparison of computerized methods
for detecting the ventilatory thresholds. Eur J Appl Physiol 2004; 93:
315–24.

12. Beaver WL, Wasserman K, Whipp BJ. A new method for detecting
anaerobic threshold by gas exchange. J Appl Physiol 1986; 60:
2020–7.

13. Formanek D, Wanke T, Lahrmann H, Rauscher H, Popp W, Zwick H.
Inspiratory muscle performance relative to the ventilatory threshold
in healthy subjects. Med Sci Sports Exerc 1993; 25: 1120–5.

14. Dickstein K, Barvik S, Aarsland T, Snapinn S, Millerhagen J.
Validation of a computerized technique for detection of the gas
exchange anaerobic threshold in cardiac disease. Am J Cardiol 1990;
66: 1363–7.

15. Davis JA. Anaerobic threshold: review of the concept and directions
for future research. Med Sci Sports Exerc 1985; 17: 6–21.

16. Poole DC, Hirai DM, Copp SW, Musch TI. Muscle oxygen transport
and utilization in heart failure: implications for exercise (in)tolerance.
Am J Physiol Heart Circ Physiol 2012; 302: H1050–63.

17. DeLorey DS, Paterson DH, Kowalchuk JM. Effects of aging on
muscle O2 utilization and muscle oxygenation during the transition
to moderate-intensity exercise. Appl Physiol Nutr Metab 2007; 32:
1251–62.

18. Morisaki H, Sibbald WJ. Tissue oxygen delivery and the
microcirculation. Crit Care Clin 2004; 20: 213–23.

19. Jacob M, Chappell D, Becker BF. Regulation of blood flow and

volume exchange across the microcirculation. Crit Care 2016;
20: 319.

20. Drexler H, Hornig B. Importance of endothelial function in chronic
heart failure. J Cardiovasc Pharmacol 1996; 27: S9–12.

21. Mancini DM, Walter G, Reichek N, Lenkinski R, McCully KK,
Mullen JL, Wilson JR. Contribution of skeletal muscle atrophy to
exercise intolerance and altered muscle metabolism in heart failure.
Circulation 1992; 85: 1364–73.

22. Ivy JL, Withers RT, Van Handel PJ, Elger DH, Costill DL. Muscle
respiratory capacity and fiber type as determinants of the lactate
threshold. J Appl Physiol Respir Environ Exerc Physiol 1980; 48:
523–7.

23. Massie BM, Simonini A, Sahgal P, Wells L, Dudley GA. Relation
of systemic and local muscle exercise capacity to skeletal muscle
characteristics in men with congestive heart failure. J Am Coll
Cardiol 1996; 27: 140–5.

24. Corra U, Mezzani A, Bosimini E, Scapetallo F, Imparato A, Giannuzzi
P. Ventilatory response to exercise improves risk stratification
in patients with chronic heart failure and intermediate functional
capacity. Am Heart J 2002; 143: 418–26.

25. Balady GJ, Arena R, Sietsema K, Myers J, Coke L, Fletcher
GF, Forman D, Franklin B, Guazzi M, Gulati M, Keteyian SJ,
Lavie CJ, Macko R, Mancini D, Milani RV. Clinician’s Guide to
cardiopulmonary exercise testing in adults: a scientific statement
from the American Heart Association. Circulation 2010; 122:
191–225.

26. Shimokata H, Ando F. Association of daily physical performance with
muscle volume and strength. Nippon Ronen Igakkai Zasshi 2012; 49:
195–8 (in Japanese).

27. Saitoh M, Ishida J, Doehner W, von Haehling S, Anker MS,
Coats AJS, Anker SD, Springer J. Sarcopenia, cachexia, and muscle
performance in heart failure: Review update 2016. Int J Cardiol 2017;
238: 5–11.

28. Yancy CW, Fonarow GC, Albert NM, Curtis AB, Stough WG,
Gheorghiade M, Heywood JT, McBride ML, Mehra MR, O’Connor
CM, Reynolds D, Walsh MN. Influence of patient age and sex
on delivery of guideline-recommended heart failure care in the
outpatient cardiology practice setting: findings from IMPROVE HF.
Am Heart J 2009; 157: 754–62.

29. Tsuchihashi-Makaya M, Hamaguchi S, Kinugawa S, Yokota T, Goto
D, Yokoshiki H, Kato N, Takeshita A, Tsutsui H, JCARE-CARD
Investigators. Characteristics and outcomes of hospitalized patients
with heart failure and reduced vs preserved ejection fraction. Report
from the Japanese Cardiac Registry of Heart Failure in Cardiology
(JCARE-CARD). Circ J 2009; 73: 1893–900.

30. Sinclair RC, Danjoux GR, Goodridge V, Batterham AM.
Determination of the anaerobic threshold in the pre- operative
assessment clinic: inter-observer measurement error. Anaesthesia
2009; 64: 1192–5.

Copyright©2021 Sayano Ueda, MD et al. 
This is an Open access article distributed under the Terms of
Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
author(s) and source are credited.

Fujita Medical Journal 2021 Volume 7 Issue 2

69


