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Impaired glucose tolerance worsens exercise capacity
and ventilatory response to exercise in patients with
chronic heart failure
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Abstract

Background: There is increasing evidence for the importance of peripheral abnormalities in the pathogenesis and
progression of heart failure (HF). Recently, glucose and insulin metabolism abnormalities have been intensively investigated in
patients with HF.

Aim: To investigate whether coexistence of impaired glucose tolerance (IGT) may decrease exercise tolerance and influence
ventilatory response to exercise in patients with systolic HE

Methods: Maximal cardiopulmonary exercise test with evaluation of peak VO, and VE/VCO, slope and oral glucose
tolerance test were performed in 64 clinically stable patients with HF and LVEF <45%.

Results: Impaired glucose tolerance was diagnosed in 26 (41%) patients and normal glucose tolerance (NGT) in 38 (59%)
patients. There were no significant differences in baseline clinical characteristics or LVEF between groups. There were significant
differences in peak VO, between IGT and NGT (15.4+4.1 vs. 18.7+4.2 ml/kg/min respectively; p=0.003) and VE/VCO, slope
(35.74£7.3 vs. 31.8+5.7 respectively; p=0.02). The IGT was independently related to peak VO, and VE/VCO, slope in multivariate
regression analysis.

Conclusion: The IGT is associated with worse exercise capacity and ventilatory response to exercise in patients with HF.
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Introduction

Decreased exercise tolerance is one of the main
indicators of heart failure (HF) severity. There is an
increasing amount of evidence for the important role of
peripheral factors in the pathogenesis and progression
of HF symptoms [1, 2]. In recent years, disturbances of
glucose and insulin metabolism in patients with HF
have been investigated [3-6]. Diabetes mellitus (DM) is
an independent risk factor of HF development [7].
According to recent observations, the relationship
between DM and HF is complex [6]. Recent reports also
confirmed a reciprocal interrelationship between HF
and DM and it has been assumed that HF is associated
with an increased risk of DM development [8]. Patients
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with DM constitute about 30% of an increasing number
of patients with HF [3, 9]. These patients, compared to
patients without DM, present with higher mortality and
more advanced HF, estimated according to NYHA class,
the result of 6-minute walk test or decreased peak VO,
[3, 10, 11]. Little is known, however, about patients with
HF and other abnormalities of glucose metabolism. In
available studies we have not found reports on the
influence of impaired glucose tolerance (IGT) on the
results of cardiopulmonary stress test in patients with
chronic HE

The aim of the study was to investigate whether
coexisting IGT affects exercise capacity and ventilatory
response to exercise in patients with chronic HE
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Methods

Patients

Sixty-four patients with stable HF and left
ventricular ejection fraction (LVEF) <45% assessed on
echocardiography, referred for diagnostic evaluation,
were included in the study. Forty patients were
diagnosed with dilated cardiomyopathy (DCM), and 24
(38%) patients with ischaemic cardiomyopathy (ICM)
(>50% stenosis of at least one of the main epicardial
coronary arteries revealed on coronary angiography).
The exclusion criteria included: exertional angina,
exercise-induced  arrhythmia, DM, significant
respiratory disorders, advanced renal failure (creatinine
>250 umol/l) or insufficiency of other organs leading to
significant decrease of exercise capacity. Patients were
haemodynamically stable and were treated with stable
doses of the following medications at least 2 weeks
prior to the study: angiotensin-converting enzyme
inhibitors in 58 (91%) patients, furosemide in 47 (73%)
patients, spironolactone in 36 (56%) patients,
beta-blockers in 47 (73%) patients, digitalis in 35 (55%)
patients, statins in 25 (39%) patients, and aspirin in 31
(48%) patients.

Biochemical assessments

Impaired glucose tolerance was diagnosed based
on oral glucose tolerance test (glucose concentration
2 hours after 75 g glucose load of between 7.8 mmol/|
and 11.1 mmol/l).

The results of BNP concentration measurements
(RIA kit, SHIONORIA-BNP, CIS Bio International) were
available in 23 patients with IGT and in 33 patients with
normal glucose tolerance (NGT).

Cardiopulmonary stress test

All patients underwent maximal treadmill test,
according to the modified Bruce protocol (by adding
0-3 min stage to standard Bruce protocol, 1.7 km/h, 5%
grade), limited by the occurrence of fatigue and/or
dyspnoea. None of the patients demonstrated anginal
pain or arrhythmia as a reason for test termination.
Oxygen uptake (VO,) and carbon dioxide production
(VCO,) were measured continuously, breath-by-breath
technique using Vmax29 Sensor Medics. Before each
test, the flowmeter and gas analyser were calibrated
with standard gas mixture. Peak oxygen uptake (peak
VO,) was calculated as a mean value from the final
20 seconds of exercise and presented in ml/kg/min
and as a percent of age-predicted VO, max [12].
Anaerobic ventilation threshold (AT) was defined
with V-slope method. Oxygen uptake at anaerobic
threshold (VO, in AT), oxygen pulse (pulse O,) and

VE/VCO, slope were analysed. The VE/VCO, slope — an
indicator of exercise ventilation — was calculated as
a linear regression function of the relation between
ventilation and carbon dioxide production during entire
exercise.

Ethics

The study was approved by the Karol Marcinkowski
University of Medical Sciences Bioethics Committee. All
patients gave their written consent to participate in the
study.

Statistical analysis

The results are presented as means and standard
deviations or as percentages. Statistical significance of
differences between groups was assessed with
Student’s t-test for unpaired variables or Mann-Whitney
and y2 tests. Multivariate linear regression was used to
evaluate the effects of selected factors on exertion
tolerance and respiratory function. Differences with
a p value of less than 0.05 were regarded as statistically
significant. The calculations were performed using
Statistica 5.0 software.

Results

The clinical characteristics of investigated groups of
patients are presented in Table | Twenty six (41%)
patients were diagnosed with IGT (IGT group); the
remaining 38 (59%) patients presented with NGT (NGT
group). There were no significant differences between
the groups regarding age, BMI and LVEF values, or
creatinine, haemoglobin and BNP concentrations.
Moreover, the groups did not significantly differ in
terms of HF duration, prevalence of coronary artery
disease, hypertension, atrial fibrillation, cigarette
smoking or the treatment applied.

Peak VO, was significantly lower and VE/VCO, slope
was significantly greater in the IGT group compared to
patients with NGT. Heart rate and systolic blood
pressure at peak exercise were similar in both groups
(Table 11).

Multivariate regression analysis in a model
containing peak VO, as the dependent variable and
LVEF, haemoglobin concentration, presence of IGT,
atrial fibrillation, BNP concentration and aetiology (ICM,
DCM), demonstrated that IGT (p=0.002) and atrial
fibrillation (p=0.005) were independently correlated to
peak VO,.

Multivariate regression analysis, including BMI,
aetiology (ICM, DCM), LVEF, haemoglobin and BNP
concentration and the presence of atrial fibrillation,
showed that IGT (p=0.01), LVEF (p=0.000008) and
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Table 1. Clinical characteristics of patients with HF and impaired (IGT) or normal (NGT) glucose tolerance

Parameter IGT (n=26) NGT (n=38) p
Age [years] 51.849.3 49.746.7 NS
Gender F/M [%] 100/0 95/5 NS
Cigarette smoking [%] 35 37 NS
BMI [kg/m?] 29.145.0 26.845.2 NS
LVEF [%)] 26.3+8.6 26.4+8.3 NS
Creatinine [pumol/l] 90.9+20.7 84.4+15.1 NS
BNP [pg/ml] (n=23 vs. 33) 88.6+75 62+67 NS
Haemoglobin [mmol/|] 9.4+0.8 9.2+0.7 NS
Fasting glucose [mmol/l] 5.59+0.8 5.0£0.6 0.001
Glucose after 2 hours [mmol/l] 8.8+1.0 5.7+1.2 <0.0001
Coronary artery disease [%)] 46 33 NS
Hypertension [%] 58 50 NS
Atrial fibrillation [%] 12 24 NS
Duration of HF [months] 35.8433.1 419+33.4 NS
NYHA class 2.7+0.7 2.1+0.8 0.009
Beta-blockers [%] 81 68 NS
ACE inhibitors [%] 84 95 NS
Digitalis [%] 54 55 NS
Aspirin [%] 50 47 NS
Statins [%] 38 39 NS
Furosemid [%] 85 66 NS

Abbreviations: BMI — Body Mass Index, LVEF — left ventricular ejection fraction, HF — heart failure, BNP — B-type natriuretic peptide

Table Il. The results of cardiopulmonary stress test in patients with HF and impaired (IGT) or normal (NGT)

glucose tolerance

Parameter IGT (n=26) NGT (n=38) p
Exercise duration [s] 474+195 545+145 NS
Peak VO, [ml/kg/min] 15.4+4.1 18.7+4.2 0.003
VO, in AT [ml/kg/min] 11.2+2.3 12.3+2.7 NS
O, pulse 10.1£3.7 10.6+2.8 NS
RER peak 1.07+0.06 1.06+0.05 NS
VE/VCO, slope 35.7+7.3 31.8+5.7 0.02
HR rest [1/min] 78.6+15 80.8+13 NS
HR max [1/min] 139.5£29.8 144.8+27.3 NS
SBP rest [mm Hg] 116.7+20.4 115.0+14.2 NS
SBP max [mm Hg] 136.2+33.4 136.7422.2 NS

Abbreviations: AT — anareobic threshold, RER — respiratory exchange ratio, SBP — systolic blood pressure, HR — heart rate
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ischaemic aetiology are independently associated with
VE/VCO, slope.

Discussion

This study provides additional information about
the relationship  between  abnormalities of
glucose/insulin metabolism and HF with regard to
patients with coexisting HF and IGT. We demonstrated
that patients with IGT and HF present with significantly
worse exercise capacity and ventilatory response to
exercise compared with subjects with HF but without
|IGT. Moreover, a new observation was made, that IGT is
an independent predictor of peak VO, and VE/VCO,
slope in HE.

Available reports indicate that DM, fasting
hyperglycaemia and insulin resistance in patients with HF
are associated with worse clinical condition, assessed
according to NYHA classification, results of 6-minute walk
test or decreased peak VO, [3, 4, 10, 11].

Insulin resistance is a principal precursor and
predominant feature of DM type 2. Hyperglycaemia,
leading to hyperinsulinaemia, can further increase
insulin resistance. Insulin is an anabolic hormone and
controls muscle energetic condition and has been
regarded as one of the potential factors contributing to
HF pathogenesis [5, 13]. As mentioned above, it has
been postulated that HF is associated with insulin
resistance (regarded as fasting and stimulated
hyperinsulinaemia). Moreover, the more advanced the
HF (the lower the peak VO,), the more pronounced is
insulin resistance [13]. Recently it has been revealed
that impaired insulin sensitivity is associated with
higher mortality rate, independently of body
composition and established prognostic factors [14].

In the available literature we have not found any
reports on the effects of IGT on exercise capacity of
patients with HE There are many recent reports on IGT
and hyperglycaemia. Most of them, however, deal
mainly with coronary artery disease [15-17]. In patients
with IGT many metabolic abnormalities are found,
typical for DM (abnormalities of insulin secretion,
insulin resistance). It is relatively easy to establish
diagnosis of IGT and diagnostic work-up is postulated
to include oral glucose tolerance test in routine
evaluation of patients with myocardial infarction [15].
The assessment of insulin sensitivity is not routinely
used in evaluation of patients with HE Moreover, in
everyday practice, abnormalities of glucose metabolism
are identified in patients with evident DM.

The influence of DM on exercise capacity in patients
with HF has been previously evaluated. Patients with
HF and DM have worse exercise capacity, assessed
according to NYHA classification, 6-minute walk test, or

cardiopulmonary stress test (peak VO,), compared to
patients with HF but without DM [3, 4, 10, 11]. Moreover,
it has been documented that DM is an independent
indicator of a worse result of 6-minute walk test, which
is an optional method of functional assessment [10].
Recently published studies of larger groups of patients
with HF and DM, including subjects treated with
beta-blockers, support the previous observation that
peak VO, is significantly decreased in patients with HF
and coexisting DM, in comparison to patients
without DM [11]. It has been demonstrated that DM is
an independent indicator of peak VO, in subjects with
HF [11] and that DM results in cardiovascular and
metabolic changes that may lead to a decrease of peak
VO, [18]. Energetic metabolism of skeletal muscles in
patients with DM is deteriorated [19]. Changes in
energetic metabolism influence exercise tolerance in
patients with HF [20]. Thus, the decrease of exercise
capacity in patients with HF and DM most likely results
from alterations in energetic metabolism of skeletal
muscles, found in both DM and HFE.

In the presented study, peak VO, was found to be
significantly lower in patients with IGT compared to
patients with NGT. Moreover, IGT alongside atrial
fibrillation was found to be an independent predictor of
decreased exercise tolerance, in a model containing the
results of routinely performed investigations: LVEF,
haemoglobin concentration, BNP concentration and
aetiology (ICM vs. DCM). Furthermore, VE/VCO, slope,
which reflects the ventilatory response to exercise, was
found to be substantially higher in subjects with HF and
coexisting IGT than in patients without IGT. The IGT and
LVEF turned out to be independent predictors of
VE/VCO, slope. Also patients with HF and DM present
with higher VE/VCO, slope than patients without DM
[4]. Excessive exercise ventilation, intensified in cases
of DM, may lead to premature exhaustion of ventilatory
reserves and early discontinuation of exercise.

A significant association between VO, and VE/VCO,
slope in patients with HF was demonstrated [21, 22].
The VE/VCO, slope is an significant, independent
prognostic factor of HE Moreover, it is considered by
some to have a greater prognostic value than peak VO,
[23-25]. Reasons for increased ventilation during
exercise include: increased lung dead space [26],
ventilation-perfusion mismatch [27] and disturbances
of pulmonary circulation [28]. Excessive activation of
chemo- and ergoreceptors in patients with HF, which
results from increased sympathetic activity, can lead to
increased ventilation that accompanies poor exercise
tolerance [29, 30]. Diabetes mellitus is also associated
with disturbed autonomic regulation [31]. In patients
with HF and DM, a relation between peak VO, and
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VE/VCO, slope and impaired lung function (which
might synergistically result from HF and DM) was
noted [4].

The mechanism of VE/VCO, slope increase in
patients with HF and IGT, observed in our study, remains
unknown. Diabetes mellitus is known to be a slowly
progressive disease. The vascular complications of DM
are usually recognised at the time of DM diagnosis.
Thus, it might be assumed that vascular disease begins
before diagnosis of DM. In such a case, it would be
possible to expect the mechanisms of impaired
functional condition and increased exercise ventilation
also to occur earlier than DM develops, i.e. in patients
with IGT.

It seems that abnormalities of glucose metabolism
(not only DM, but also IGT) should be included in the
assessment of functional capacity of patients with HE
Based on the results of our study, it might be
interesting to investigate whether early detection of
IGT and initiation of exercise training as a part of
rehabilitation would improve the clinical condition and
prognosis of patients with HF as well as prevent the
development of DM.

Conclusion

The presence of impaired glucose tolerance
worsens exercise capacity and exercise ventilation in
patients with heart failure.

References

Clark AL, Poole-Wilson PA, Coats AJ. Exercise limitation in
chronic heart failure: central role of the periphery. / Am Coll
Cardiol 1996; 28: 1092-102.

. Working Group on Cardiac Rehabilitation & Excercise
Physiology and Working Group on Heart Failure of the
European Society of Cardiology. Recommendations for
exercise testing in chronic heart failure patients. Eur Heart J
2001; 22: 37-45.

. Suskin N, McKelvie RS, Burns RJ, et al. Glucose and insulin
abnormalities relate to functional capacity in patients with
congestive heart failure. Eur Heart J 2000; 21: 1368-75.

4. Guazzi M, Brambilla R, Pontone G, et al. Effect of non-insulin-
dependent diabetes mellitus on pulmonary function and
exercise tolerance in chronic congestive heart failure. Am J
Cardiol 2002; 89: 191-7.

. Doehner W, Anker SD, Coats AJ. Defects in insulin action in
chronic heart failure. Diabetes Obes and Metab 2000; 2: 203-12.

. Tenenbaum A, Fisman EZ. Impaired glucose metabolism in
patients with heart failure: pathophysiology and possible
treatment strategies. Am J Cardiovasc Drugs 2004; 4: 269-80.

. He J, Ogden LG, Bazzano LA, et al. Risk factors for congestive
heart failure in US men and women: NHANES | epidemiologic
follow-up study. Arch Intern Med 2001; 161: 996-1002.

8. Amato L, Paolisso G, Cacciatore F, et al. Congestive heart
failure predicts the development of non-insulin-dependent

-

N

w

wi

o

~

Kardiologia Polska 2007; 65: 4

diabetes mellitus in the elderly. The Osservatorio Geriatrico
Regione Campania Group. Diabetes Metab 1997; 23: 213-8.

9.Solang L, Malmberg K, Ryden L Diabetes mellitus and
congestive heart failure. Further knowledge needed. Eur Heart J
1999; 20: 789-95.

10. Ingle L, Reddy P, Clark AL, et al. Diabetes lowers six-minute

walk test performance in heart failure. / Am Coll Cardiol 2006;
47:1909-10.

11. Tibb AS, Ennezat PV, Chen JA, et al. Diabetes lowers aerobic

capacity in heart failure. / Am Coll Cardiol 2005; 46: 930-1.

12. Wasserman K, Hansen JE, Sue DY, et al. Normal values. In:

Wasserman K, Hansen JE, Sue DY, et al. (eds). Principles of
exercise testing and interpretation. Lea and Fibiger,
Philadelphia 1987; 72-85.

13. Swan JW, Anker SD, Walton C, et al. Insulin resistance in

chronic heart failure: relation to severity and etiology of heart
failure. / Am Coll Cardiol 1997; 30: 527-32.

14. Doehner W, Rauchhaus M, Ponikowski P, et al. Impaired

insulin sensitivity as an independent risk factor for mortality
in patients with stable chronic heart failure. / Am Coll Cardiol
2005; 46: 1019-26.

15. Bartnik M, Malmberg K, Norhammar A, et al. Newly detected

abnormal glucose tolerance: an important predictor of long-
-term outcome after myocardial infarction. Eur Heart J 2004;
25:1990-7.

16. Tschope D, Bode C. Impaired glucose tolerance — a new risk

factor? Eur Heart J 2004; 25: 1969.

17. DECODE Study Group, the European Diabetes Epidemiology

Group. Glucose tolerance and cardiovascular mortality:
comparison of fasting and 2-hour diagnostic criteria. Arch
Intern Med 2001; 12: 397-405.

18. Estacio RO, Regensteiner JG, Wolfel EE, et al. The association

between diabetic complications and exercise capacity in
NIDDM patients. Diabetes Care 1998; 21: 291-5.

19. Scheuermann-Freestone M, Madsen PL, Manners D, et al.

2

21

2

2

2

2

Abnormal cardiac and skeletal muscle energy metabolism in
patients with type 2 diabetes. Circulation 2003; 107: 3040-6.
0. Okita K, Yonezawa K, Nishijima H, et al. Skeletal muscle
metabolism limits exercise capacity in patients with chronic

heart failure. Circulation 1998; 98: 1886-91.

Kleber FX, Vietzke G, Wrenecke KD, et al. Impairment of
ventilatory efficiency in heart failure: prognostic impact.
Circulation 2000; 101: 2803-9.

. Straburzynska-Migaj E, Ochotny R, Straburzynska-Lupa A, et
al. Relationship of cytokines to pulmonary function and
exercise intolerance in heart failure. Pol Przegl Kardiol 2005; 7:
129-35.

3. Corra U, Mezzani A, Bosimini E, et al. Ventilatory response to
exercise improves risk stratification in patients with chronic
heart failure and intermediate functional capacity. Am Heart J
2002; 143: 418-26.

4. Arena R, Myers J, Aslam SS, et al. Peak VO2 and VE/VCO2
slope in patients with heart failure: a prognostic comparison.
Am Heart J 2004; 147: 354-60.

5. Francis DP, Shamim W, Davies LC, et al. Cardiopulmonary
exercise testing for prognosis in chronic heart failure:
continuous and independent prognostic value from
VE/VCO(2)slope and peak VO(2). Eur Heart ) 2000; 21: 154-61.

—

N



Impaired glucose tolerance worsens exercise capacity and ventilatory response to exercise in patients with chronic heart failure 359

26. Wensel R, Georgiadou P, Francis DP, et al. Differential 29. Ponikowski P, Chua TP, Francis DP, et al. Muscle ergoreceptor

contribution of dead space ventilation and low arterial pCO2 overactivity reflects deterioration in clinical status and

to exercise hyperpnea in patients with chronic heart failure cardiorespiratory reflex control in chronic heart failure.

secondary to ischemic or idiopathic dilated cardiomyopathy. Circulation 2001; 104: 2324-30.

Am J Cardiol 2004; 93: 318-23. 30. Ponikowski P, Chua TP, Piepoli M, et al. Ventilatory response
27. Uren NG, Davies SW, Agnew JE, et al. Reduction of mismatch to exercise correlates with impaired heart rate variability in

of global ventilation and perfusion on exercise is related to patients with chronic congestive heart failure. Am J Cardiol

exercise capacity in chronic heart failure. Br Heart J 1993; 70: 1998; 82: 338-44.

241-6. 31. Osterhues HH, Grossmann G, Kochs M, et al. Heart-rate
28. Reindl |, Wernecke KD, Opitz C, et al. Impaired ventilatory variability for discrimination of different types of neuropathy

efficiency in chronic heart failure: possible role of pulmonary in patients with insulin-dependent diabetes mellitus.

vasoconstriction. Am Heart J 1998; 136: 778-85. J Endocrinol Invest 1998; 21: 24-30.

Kardiologia Polska 2007; 65: 4



360

Nieprawidlowa tolerancja glukozy pogarsza wydolnos¢
1 wentylacje wysitkowa u chorych z niewydolnoScia serca

Ewa Straburzyniska-Migaj, Romuald Ochotny, Andrzej Cieslifiski

I Klinika i Katedra Kardiologii, Uniwersytet Medyczny im. K. Marcinkowskiego, Poznan

Streszczenie

Wstep: Zmniejszona tolerancja wysitku jest jednym z gtéwnych wskaznikéw stopnia zaawansowania niewydolnosci serca
(HF). Wzrasta liczba dowodéw na istotng role czynnikéw obwodowych w patogenezie i progresji objawéw tej choroby.
W ostatnich latach badane sg zaburzenia metabolizmu glukozy i insuliny u chorych z HE Wsréd rosnacej liczby chorych z HF
ok. 30% stanowia pacjenci ze wspétistniejaca cukrzyca (DM). U chorych z DM w poréwnaniu z chorymi bez DM wieksza jest
umieralnos¢ i bardziej zaawansowana HF oceniana wg klasyfikacji NYHA, jako wynik testu 6-minutowego marszu lub obnizony
peak VO,. Niewiele wiadomo o chorych z HF i innymi zaburzeniami metabolizmu glukozy.

Cel: Zbadanie, czy wspoétistnienie nieprawidtowej tolerancji glukozy (IGT) moze wptywaé na obnizenie wydolnosci
i wentylacje wysitkowa u chorych z HE.

Metodyka: U 64 chorych z HF i frakcja wyrzutowa lewej komory (LVEF) <45% w ocenie echokardiograficznej, wykonano
maksymalny test spiroergometryczny na biezni ruchomej, wg zmodyfikowanego protokotu Bruce’a z oceng peak VO, i VE/VCO,
slope, oraz doustny test tolerancji glukozy (OGTT). U 40 chorych rozpoznano kardiomiopatie rozstrzeniowa (DCM), a u 24 (38%)
— kardiomiopatie niedokrwienng (ICM). Kryteriami wytaczenia z badania byty: dtawica wysitkowa lub indukowane wysitkiem
zaburzenia rytmu serca, DM, istotne choroby uktadu oddechowego, ciezka niewydolnos¢ nerek (kreatynina >250 pmol/l) lub
niesprawnos¢ innych narzadéw, znaczaco wptywajaca na wydolnos¢ fizyczna.

Wyniki: Nieprawidtowa tolerancje glukozy rozpoznano u 26 chorych (41%), a prawidtowa tolerancje glukozy (NGT) u 38
(59%). Nie stwierdzono istotnych réznic miedzy grupami w odniesieniu do podstawowe]j charakterystyki klinicznej: wieku,
wielkoéci BMI i LVEF, stezenia kreatyniny, hemoglobiny i BNP. Nie byto tez istotnych r6znic miedzy grupami w czasie trwania
objawdéw HF, czestosci wystepowania choroby wieficowej, nadcisnienia tetniczego, migotania przedsionkéw (AF), palenia
papieroséw oraz stosowanym leczeniu. U chorych z IGT w poréwnaniu z chorymi z NGT istotnie mniejszy byt peak VO, (15,4+4,1
vs 18,7+4,2 ml/kg/min; p=0,003) i istotnie wiekszy VE/VCO, slope (35,7+7,3 vs 31,8+5,7; p=0,02). Czynnos¢ serca i skurczowe
cisnienie tetnicze na szczycie wysitku byty podobne w obu grupach. Analiza wieloczynnikowa za pomoca regresji zmiennej
zaleznej w modelu zawierajacym peak VO, jako zmienng zalezng i LVEF, stezenie hemoglobiny, obecnos¢ IGT, AF, stezenie BNP
i etiologie (ICM, DCM) wykazata, ze IGT (p=0,002) i AF (p=0,005) sa niezaleznie zwigzane z peak VO,. Analiza wieloczynnikowa
za pomoca regresji zmiennej zaleznej uwzgledniajaca BMI, etiologie (ICM, DCM), LVEF, stezenie hemoglobiny i BNP, obecnos¢
AF i IGT wykazata, ze czynnikami niezaleznie zwigzanymi z VE/VCO, slope sa IGT (p=0,01), LVEF (p=0,000008) i etiologia
niedokrwienna (p=0,01). Wydaje sie, ze w ocenie wydolnosci czynnosciowe]j chorych z HF powinno sie uwzglednia¢ zaburzenia
metabolizmu glukozy — nie tylko cukrzyce, ale i IGT. Na podstawie wynikéw tego badania interesujace wydaje sie sprawdzenie
hipotezy, ze wczesne wykrycie IGT i interwencja polegajaca na wtaczeniu chorego do programu treningu fizycznego w ramach
rehabilitacji moze wptyna¢ na poprawe stanu klinicznego i rokowanie chorych z HF oraz zapobiegnie rozwojowi DM.

Whiosek: Wspétistnienie IGT pogarsza wydolnos¢ i wentylacje wysitkowa u chorych z HF.

Stowa kluczowe: niewydolnos¢ serca, nieprawidtowa tolerancja glukozy, zuzycie tlenu, VE/VCO, slope
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