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Abstract
Objective: To describe the determinants of insulin sensitivity (IS) in chronic heart failure (CHF), we created a model in which
the influence of lifestyle factors and etiology of heart failure on IS were incorporated concomitantly with age, left ventricular
ejection fraction (LVEF) and parameters of body composition. Design: Observational cohort study. Setting: Outpatient clinic for
chronic heart failure. Patients: Fifty-seven male CHF patients wNYHA class II–III, age 61"9 years, body mass index (BMI)
26.9"3.3 kgym2 (mean"S.D.)x. Interventions: Euglycemic hyperinsulinemic clamp, cycle ergometry, anthropometric measurements, LVEF and a physical activity questionnaire. Main outcome measures: A model explaining the variance of IS in CHF.
Results: IS was 18.2"8.6 mgØkgy1Øminy1 ØmUy1 Øly1 , fasting insulin level was 15.9"11.0 mUyl and fasting glucose level was
5.5"0.6 mmolyl. Peak V̇O2 was 19.1"4.9 mlØkgy1 Øminy1 and LVEF 26.2"7.1%. IS was inversely associated with fasting
insulin concentration (rsy0.50, P-0.001) and BMI (rsy0.54, P-0.001). After controlling for BMI, IS also revealed a
correlation with age (rsy0.36, P-0.01). The model explained 60% of variance in IS: BMI contributed 20%, smoking 17%,
age 17% and physical activity in daily life (DPA) 16% (all P-0.05) to the variance of IS, whereas LVEF (9%) and etiology of
heart failure (8%) contributed moderately. Conclusions: In CHF patients, IS is for a major part predicted by BMI, smoking, age,
daily physical activity, LVEF and etiology of heart failure.
䊚 2003 European Society of Cardiology. Published by Elsevier B.V. All rights reserved.
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1. Introduction
The most impairing symptom for patients suffering
from chronic heart failure (CHF) is a decreased exercise
tolerance manifested by dyspnea and fatigue. The underlying mechanism for the decrease in exercise tolerance
is not fully understood. There is no correlation between
left ventricular ejection fraction (LVEF) or other central
hemodynamic factors, such as intra cardiac pressures
and exercise tolerance w1,2x. This suggests that other
factors than cardiac output alone must limit exercise
tolerance in CHF patients. One possibility could, there*Corresponding author. Tel.: q31-30-253-8925; fax: q31-30-2539036.
E-mail address: l.w.esabelis@med.uu.nl (L.W.E. Sabelis).

fore, be that the underlying mechanism for the decrease
in exercise tolerance is situated in the skeletal muscles
w3x. Characteristic changes in peripheral tissues are
indeed found; such as a decreased peripheral blood flow
w4x and a disturbed anabolicycatabolic balance w5x.
Insulin sensitivity (IS) is often impaired in CHF w6x and
has been considered an important factor in this concept
w3,7x because of the hemodynamic w8,9x and anabolic
characteristics of insulin.
IS is found to be related to several factors. In healthy
people, smoking is known to be associated with a
decrease in IS w10x, while BMI (as a measure of obesity)
w11,12x and age w13x are negatively related to IS.
Moreover, IS has been reported to be positively associated with peak oxygen uptake (peak V̇O2) in healthy
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subjects and CHF patients w6,14,15x and with sports
participation in first-degree relatives of type 2 diabetes
patients w16x. IS in patients suffering from CHF, as a
result of idiopathic cardiomyopathy, was higher than in
patients with ischemic etiology w6x. BMI and peak V̇O2
are the two main determinants of IS in young healthy
subjects w17x.
Most of the reported studies refer to simple bivariate
associations between IS and the previously mentioned
variables, suggesting that all determinants operate independently. The aim of the present study was to determine
the relative importance of various factors, which have
previously been proposed to relate to IS in CHF patients.
Therefore, we determined insulin sensitivity, LVEF, exercise tolerance and anthropometric variables in a large
group of male CHF patients; we also assessed physical
activity in daily life (DPA) by questionnaire.
2. Patients and methods

loop diuretics. The average LVEF, which was determined
by ultrasound (Simpson’s formula) w18x, was 26%.
During the study period, patients continued to use their
medication.
2.2. Methods
2.2.1. Body composition
Percentage body fat was estimated from the sum of
skinfolds, measured at four sites: triceps, biceps, subscapular and suprailiacal, according to Durnin and Womersley w19x. This method gives an appropriate measure
of total body fatness. Fat mass (FM) was calculated
from percentage body fat and total body weight. Fat
free mass (FFM) was calculated from total body weight
and FM. BMI was calculated in weight per height
squared (kgym2). In addition to body fat composition,
body fat distribution was assessed using waist circumference (WC) w20x, which was determined at the level
of the umbilicus.

2.1. Patients
Fifty-seven male CHF patients in NYHA class II or
III, aged 40–70, participated in the study. Diagnosis of
CHF was mainly based on medical history of exertional
dyspnea, muscle fatigue andyor fluid retention and
diminished LVEF.
Inclusion criteria were: a history of CHF longer than
6 months, classified as NYHA class IIyIII, with a LVEF
of less than 35%. Exclusion criteria were: interfering
diseases such as COPD, fasting glucose level of more
than 7.0 mmolyl (impaired fasting glucose) or neuromuscular disorders and hypertension (blood pressure
higher than 170 mmHg systolic andyor higher than 110
mmHg diastolic when on optimal anti-hypertensive therapy). All patients had to be clinically stable for 4 weeks
before randomisation. The following criteria were used
to asses the presence of ischemic heart disease as the
cause of CHF: documented (as verified in hospital
records) history or admission for acute coronary syndrome, electrocardiographic evidence of myocardial
infarction, positive exercise test, echocardiographic evidence of segmental wall motion abnormalities, significant coronary artery lesions on angiography, myocardial
infarction or ischemia demonstrated by nuclear imaging.
If none of these conditions were met, the patients were
considered to have idiopathic cardiomyopathy. The cause
of CHF was ischemic heart disease in 62% of the
patients and idiopathic cardiomyopathy in 38%. Patients
were recruited from the Meander Medical Center
(Amersfoort). Since the objective of the study was to
evaluate the role of IS as an etiological factor of CHF
as the primary disease, and not CHF secondary to other
diseases like diabetes mellitus (DM), patients suffering
from DM were excluded. Forty-seven patients used
ACE-inhibitors, 5 AT-II blockers, 24 b-blockers and 29

2.2.2. Insulin sensitivity
IS was assessed using an euglycemic hyperinsulinemic clamp (insulin infusion 3 mUØkgy1Øminy1, 180 min)
w21x. This method is regarded as the ‘gold standard’ for
measuring insulin sensitivity w22x. Hematocrit was
assessed three times during the clamp in order to convert
blood glucose concentration into plasma glucose concentration, which was assessed at the bedside using a
glucose analyser (YSI 2300 Stat, Yellow Springs, USA).
Plasma insulin concentration was measured by chemiluminescence immunoassay (Immulite 1 analyser, DPC,
Los Angeles, USA) with intra- and interassay coefficients of variation of 7.6% and 10.0%, respectively.
IS was calculated by dividing the average glucose
infusion rate (per kilogram body weight) by the average
plasma insulin level during the 3rd hour of the clamp.
The HOMA index (homeostasis model assessment),
a rough index of IS, was calculated as (fasting plasma
glucose=fasting plasma insulin)y22.5. An index higher
than 1.1 suggested an impaired insulin sensitivity w23x.
2.2.3. Exercise tolerance
Exercise tolerance was determined by means of incremental cycle ergometry (Excalibur, Lode, Groningen,
The Netherlands) with increments of 20 W every 3 min.
The test was ended when the patient was restricted by
symptoms or could not maintain a pedal frequency of
65 rev.ymin.
Ventilatory parameters were measured breath-bybreath (Oxycon ß, Mijnhart-Jaeger, Bunnik, The Netherlands). Data were recorded at 15 s intervals and
respiratory exchange ratios and ventilatory equivalents
for O2 and CO2 were calculated. Peak workload was
defined as the sum of the last completed 3-min workload
plus the time corrected contribution of the final uncom-
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pleted workload. Peak exercise tolerance was expressed
as oxygen uptake at peak exercise (peak V̇O2), calculated
as the mean of the values during the final 30 s of
exercise.
2.2.4. Physical activity questionnaire
To assess daily physical activity (DPA) the modified
Baecke questionnaire for physical activity in elderly
people was used. This questionnaire has been validated
for the Dutch elderly population w24x. The questionnaire
consisted of scores in household activities, sports activities and other leisure time activities; added up to give
the DPA score. Items on household activities were
questions with four to five possible ratings, ranging
from very active to inactive. Sports and ‘other activity’
scores were calculated from type of activity, duration
and period of the year in which the activity was normally
performed. All activities were classified according to
work, posture and movements. An intensity code was
used to classify each type of activity. The higher the
activity score the more active was the patient. The
questionnaire took approximately 15 min to complete.
2.3. Statistical standards
Statistical analysis was performed with SPSS for Windows version 10.0.
Log transformed values were used for statistical analysis
of fasting insulin levels, HOMA-index, and DPA score.
Simple bivariate relationships were calculated using
Pearson’s correlation coefficient or Spearman’s rho. To
test for differences between groups, one-way ANOVA
was used. To determine the contribution of several
variables to the variance of IS, univariate general linear
model analysis (pairwise) was used.
A probability value of PF0.05 was considered significant. Data are given as mean"S.D.
2.4. Ethical standards
The study was approved by the Medical Ethics Committees of the UMC Utrecht and The Meander Medical
Center Amersfoort, The Netherlands. All patients signed
written informed consent. The investigation conforms
with the principles in the Declaration of Helsinki (Br
Med J 1964;ii:177).
3. Results
No complications occurred during any of the tests.
3.1. Baseline characteristics
Baseline data are summarised in Table 1. The mean
values for BMI of 26.9 kgym2, body fat of 33% and
WC of 100.5 cm indicate that this patient group is
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Table 1
Baseline characteristics
Mean"S.D.
Age (years)
BMI (kgym2)
Body fat (%)
Waist circumference (cm)
Daily physical activity score
Left ventricular ejection fraction (%)
Left ventricular end-diastolic diameter (mm)
Fasting glucose (mmolyl)
Fasting insulin (mUyl)
HOMA-index
IS (mgØkgy1Øminy1ØmUy1Øly1)
Fasting triglyceride (mmolyl)
Fasting HDL-cholesterol (mmolyl)
Fasting LDL-cholesterol (mmolyl)

61"9
26.9"3.3
33.5"4.9
100.5"8.9
13"9
26.2"7.1
66.6"9.4
5.5"0.6
15.9"11.1
3.9"2.7
18.2"8.6
1.6"0.9
1.2"0.3
3.3"1.0

closer to overweight than underweight. On average,
non-smokers had a 13% higher BMI than smokers
(27.7"3.2 vs. 24.6"2.5 kgym2, one-way ANOVA, P0.01).
Fasting glucose levels were within normal limits
(-7.0 mmolyl) w25x, whereas fasting insulin levels
were somewhat elevated according to in-house reference
ranges (-10 mUyl). Ninety-one percent of patients
presented with a HOMA-index of over 1.1 indicative of
impaired IS.
The lipoprotein profile was within normal limits
according to in-house reference ranges.
3.2. Insulin sensitivity
On average, IS was 30% higher in patients with
idiopathic cardiomyopathy vs. those with an ischemic
etiology of heart failure (20.9"11.5 vs. 16.2"5.9
mgØkgy1Øminy1ØmUy1Øly1, one-way ANOVA, P0.05). On average, smokers (ns15) had a 52% higher
IS than non-smokers (ns44) (24.4"10.2 vs. 16.0"6.9
mgØkgy1Øminy1ØmUy1Øly1, one-way ANOVA, P0.01). Variables of glucose metabolism and IS were
similar in patients who used ß-blockers (selective or
non-selective) compared with those who did not (oneway ANOVA, ns; Table 2).
As expected, simple bivariate correlations showed an
inverse correlation of IS with fasting insulin concentration (rsy0.50, P-0.001), BMI (rsy0.54, P-0.001)
and WC (rsy0.54, P-0.001). After controlling for
BMI, age also revealed a negative correlation with IS
(rsy0.36, P-0.01). IS showed a positive association
with DPA (rs0.31, P-0.05) and household score (rs
0.41, P-0.01), but not with the sports score in the subgroup of 18 patients, which took part in sports activities.
With regard to age, body composition, glucose metabolism and IS, this sub group was representative for the
group as a whole.
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Table 2
Variables of glucose metabolism and insulin sensitivity in relation to (non-selectiveyselective) ß-blocker therapy
ß-blockers
(N)

Fasting glucose
(mmolyl)

Fasting insulin
(mUyl)

HOMA-index

IS
(mg kgy1 miny1 mUy1 ly1)

None (33)
Non-selective (11)
Selective (13)

5.7"0.6
5.4"0.3
5.3"0.7
ns*

15.7"10.9
11.3"6.2
20.8"13.7
ns*

4.0"2.7
2.7"1.5
4.9"3.2
ns*

18.0"9.3
20.4"9.0
16.9"6.5
ns*

*

One-way ANOVA with post hoc test, Bonferroni.

Table 3
Results of cycle ergometry
Mean"S.D.
Peak V̇O2 (mlymin)
Peak V̇O2 per kg body w (mlØkgy1Øminy1)
Peak minute ventilation (lymin)
Peak respiration quotient
Ventilatory equivalent for O2
Peak workload (W)
Peak heart rate (beatsymin)

1606"451
19.1"4.9
64.9"14.9
1.10"0.08
40.1"7.6
105"36
143"28

No significant associations with exercise tolerance
(expressed as peak V̇O2) or parameters of the lipoprotein
profile, were found.
3.3. Cycle ergometry
Results of cycle ergometry are given in Table 3. Peak
V̇O2 per kilogram bodyweight (mlØkgy1Øminy1) was
62"16% of predicted peak V̇O2 based on height, weight,
sex and age according to Jones w26x. No difference in
peak V̇O2 or peak workload was found between patients
who used b-blockers and those who did not, obviously
peak heart rate was lower in b-blocker users (132"24
vs. 150"29 beatsymin, one-way ANOVA, P-0.05).
Non-smokers had a 30% higher peak workload than
smokers (111"38 vs. 86"18 W, one-way ANOVA,
P-0.05). There was no difference in peak V̇O2 or peak

workload between patients with ischemic vs. idiopathic
cardiomyopathic etiology of heart failure.
Peak V̇O2 (mlØkgy1Øminy1) showed a positive association with daily physical activity (rs0.39, P-0.01).
The sports score related to peak V̇O2 in the sub group
of 18 patients that took part in sports activities (rs
0.59, P-0.05).
3.4. Daily physical activity
Daily physical activity score was 13"9. This is lower
than what was found in healthy elderly Dutch people
w24x. Most patients predominantly participated in household activities, 18 patients took part in sports activities,
varying from tennis to cardio-fitness.
Other activities undertaken by the patients were walking, gardening and cycling.
3.5. Contribution of various parameters to insulin
sensitivity
The model showed that 60% of the variance of IS
could be explained. BMI contributed 20%, smoking
17%, age 17% and DPA 16%, (all P-0.05), whereas
LVEF (9%) and etiology of heart failure (8%) contributed moderately (Fig. 1). When FM or percentage body
fat was entered in the model instead of BMI, the
explained variance did not change. But when BMI was
replaced by FFM the explained variance decreased from

Fig. 1. Determinants of insulin sensitivity (IS) in CHF. Total explained variance (adjusted R 2 ) is 60%; contributions of individual determinants
(adjusted for the influence of the other determinants) are depicted in italic. DPAsdaily physical activity, LVEFsleft ventricular ejection fraction,
EHFsetiology of heart failure. *PF0.05.
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60 to 51%. Exercise tolerance (peak V̇O2 ) and use of ßblockers, either selective or non-selective, did not add
to the explained variance of IS. On the contrary, adding
these variables lead to a decrease in explained variance.
None of the parameters of the lipoprotein profile added
to the explained variance of the model.
4. Discussion
In the present study, we described the determinants
of IS in CHF. To obtain more detailed insight into the
role of IS in CHF, we created a model in which the
influence of lifestyle factors and etiology of heart failure
on IS were incorporated concomitantly with age, LVEF
and parameters of body composition.
As expected, IS correlated negatively with fasting
plasma insulin, age and BMI, a measure of obesity.
Since obesity is known to lead to insulin resistance, and
will (normally) lead to increased pancreatic insulin
secretion, these findings underscore the validity of the
clamp technique used in this study w11,12x. From a
‘metabolic’ point of view, a high BMI, which is associated with lower IS and other cardiovascular disease
risk factors (hypertension and dyslipidemia) w27x, is not
favourable. This seems paradoxical, since elevated BMI
is an independent predictor of improved survival in CHF
patients w28x. It might be suggested that the U-shaped
association between BMI and mortality w29x, which is
known to exist in healthy subjects, shifts to the right in
CHF, resulting in a higher optimal BMI with regard to
survival. In severe CHF, high fat stores (high BMI),
may indicate preserved metabolic efficiency andyor
energetic reserves. More research should be done to
clarify this paradox.
b-blockers as well as diuretics have long-term metabolic effects including an effect on IS. The effect varies
among the different kinds of b-blockers and diuretics
w30,31x. ACE-inhibitors are known to have a positive
effect on IS while AT-II blockers show controversial
results with respect to IS w32x. Unfortunately, the diversity in medication use in our group of patients was large
and consequently, the subgroups were very small. Therefore, we could not analyse the effect of medication use
in detail. The present study showed, that no differences
in IS were found between patients who used b-blockers
and the ones who did not, not even when users of nonselective ß-blockers (which have been shown to induce
beneficial effects on IS w31x) were analysed separately.
Consequently, adding ‘use of b-blockers’ to the model
did not result in an increase in explained variance of IS.
In the present study, BMI, smoking, age, DPA and
LVEF seemed to be the most important predictors of IS.
From the result that BMI could be replaced by FM or
percentage body fat in the model but not by FFM, we
may conclude that in our patients, IS was not determined
by FFM but by total body fat. The fact that BMI and
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age are among the most important predictors of IS, is
in agreement with studies in healthy subjects w13,17x.
Remarkably, in our study, smokers had a higher IS
than non-smokers. In healthy subjects, smoking is associated with decreased insulin sensitivity w10x, presumably because the sympathetic nervous system is activated
by smoking w33x. In addition, smoking is known to be
associated with elevated plasma leptin levels w34x. Leptin is negatively associated with IS and has been shown
to be an independent predictor of IS in CHF patients
w35x. However, our finding, of a higher IS in smokers,
is in agreement with Mooy et al. w36x. Since smoking
and alcohol consumption are closely related w37x, a
potential explanation might be that there are more
(moderate) alcohol consumers in the group of smokers
than in the non-smoking group. Light-to-moderate alcohol intake is associated with enhanced insulin sensitivity
w38x. Since we do not have data on alcohol intake in
our patient group, we are not able to verify this suggestion. The contribution of each independent variable is
evaluated, with the influence of other independent variables controlled. The effect of smoking that is shown in
the model (Fig. 1), is an effect that persists after
correction for BMI. This strengthens the idea that
smoking is not only related to IS via BMI but also via
the other aforementioned mechanisms.
Etiology of heart failure was an additional determinant
of IS. This is in agreement with the study of Swan et
al. w6x, in which a higher IS was found in patients with
ischemic etiology of heart failure.
The DPA-score in the present study was relatively
low compared to the healthy, elderly subjects studied in
the validation study for the questionnaire w24x. Even
though our study group was younger (61"9 as opposed
to 71"5) and consisted only of men, whereas in the
validation study both women and men participated. As
DPA decreases with age and men tend to be more
physically active than women w39x, we conclude that
DPA score of our patients is indeed lower than of
healthy subjects, probably as a result of their disease.
In contrast to DPA, peak VO2 did not contribute to
the variance in IS. This finding may relate to the
possibility that the DPA score provides supplemental
information about the actual exercise tolerance of CHF
patients. Peak V̇O2 refers to activity with maximum
intensity, which is a rather uncommon situation in daily
life. This is supported by the fact that peak V̇O2 related
to DPA but most strongly to the sports component of
the DPA-score. While IS showed the strongest relationship with the household score.
The present study did not show a relationship of peak
V˙ O2 with IS. In healthy subjects, peak V˙ O2 is strongly
associated with IS w17x. Two studies, focussing on the
relationship between peak V̇O2 and IS in CHF patients,
have reported a positive bivariate relationship between
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peak V̇O2 and IS w6,15x. The methodological differences
in measuring IS and exercise tolerance, and differences
in medication use, may explain the lack of agreement
between these studies and ours.
The residual IS variance that remains unaccounted for
(40%) after modelling the study variables, implies that
other factors are involved. Among these, the already
mentioned leptin, nutrition, muscle fibre type distribution and components of the anabolicycatabolic balance
are of interest. In a small subgroup of our patients,
nutritional intake was studied in relation to IS. Daily
energy intake, as well as intake of fat and sugars, were
inversely related to IS w40x. It is known that high fat
diets result in impaired glucose tolerance and elevated
plasma triglyceride levels. The latter is associated with
decreased IS w6x, but this could not be confirmed in the
present study. Impaired glucose tolerance is related to
decreased insulin-stimulated glucose metabolism.
Changes in the fatty acid composition of the membrane
induced by dietary fat modification related to this w41x.
In CHF patients, muscle fibre type distribution was
found to shift towards more type II fibres, probably as
a result of apoptosis w42x. This will decrease IS, since
type II fibres are less insulin sensitive than type I fibres
w43x. In CHF, the anabolicycatabolic balance is disturbed
w5x, and it is plausible that this affects IS. Finally, IS is
affected by high levels of TNF-a, which have been
reported to be increased in CHF w5x. TNF-a is a
circulating cytokine, which, after interacting with its
membrane receptor, leads to serine phosphorylation of
IRS-1. This serine-phosphorylated IRS-1 decreases insulin receptor tyrosine kinase activity, and thus impairs
insulin signalling w44x.
In conclusion, IS in CHF was determined by BMI,
smoking, age, DPA and LVEF and to a lesser extent by
etiology of heart failure. Use of ß-blockers, peak V̇O2
parameters of the lipoprotein profile did not relate to IS.
Studies in which neurohormonal factors and nutrition
are also included may shed light on the complex role of
IS in CHF.
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