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Abstract

Background

Many patients with chronic heart failure (CHF) are belkiet@ have unrecognized diabetes,
which is associated with a worse prognosis. This study aimgestibe glucose tolerance|in
a general stable CHF population and to identify determinants of gluotesance focusing
on body composition and skeletal muscle strength.




Methods

A prospective observational study was set up. Inclusion criteria wiagnosis of CHF,
stable condition and absence of glucose-lowering medication. Patredgsvent a 2 h oral
glucose tolerance test (OGTT), isometric strength testinige upper leg and dual energy x-
ray absorptiometry. Health-related quality of life and physacailvity level were assessed |by
guestionnaire.

Results

Data of 56 participants were analyzed. Despite near-norntaddagucose values, 55% wgas
classified as prediabetic, 14% as diabetic, and 20% as normakgltaerant. Of all newl
diagnosed diabetic patients, 79% were diagnosed because of 2 h glakese only an
none because of HbAlc. Univariate mixed model analysis revealbdeimic aetiology,
daily physical activity, E/E’, fat trunk/fat limbs and extemsi strength as possikle
explanatory variables for the glucose curve during the glucosertoéetast. When combingd
in one model, only fat trunk/fat limbs and E/E’ remained signifigmatlictors. Furthermore,
fasting insulin was correlated with fat mass/heéight 0.51, p < 0.0001), extension strength
(r=-0.33, p <0.01) and triglycerides (r = 0.39, p < 0.01).

=<

Conclusions

Our data confirm that a large majority of CHF patients heygaired glucose tolerance. Th
glucose intolerance is related to fat distribution and left ventricular entbldtgzessure.

S
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Background

Chronic heart failure (CHF) is a system disease. Apart fcandiac failure, the clinical
picture involves pulmonary, renal, hepatic and skeletal muscle abitoesfl]. In addition,

diabetes mellitus type 2 is frequently found, with percentagesngafyom 8-41% [2].

Although the suspicion arises that impaired glucose tolerandeeisute rather than the
exception in this population, its exact prevalence is not known [2,3].

In CHF patients with reduced systolic function, left ventricular ejectiactibn and aetiology
of CHF have been described as predictive factors for insulin isgggd-9]. Furthermore,
typical CHF medical therapies, i.e. ACE inhibitof$-blockers and thiazides are believed to
influence glucose tolerance [10-14].

Although a higher body mass index is associated with impaired gluodsrance and
diabetes, it is also associated with better survival in CHE M&ijen dividing body weight
into fat mass and lean mass, it could be hypothesized that a fagimeass leads to overall
detrimental effects, while a higher lean mass is associaiitdreduced catabolism and
beneficial effects in CHF [16]. In addition, a higher muscle nwmdd lead to elevated



glucose uptake. Precise measurement of body composition would thepedorde new
insights in the relation between body composition and glucose tolerance in CHF.

As skeletal muscle strength is also an independent predictor favadun CHF, it could be
hypothesized that not only the quantity but also the quality of sketeiacle plays an
important role [17]. Still, skeletal muscle function has not been figatsd in relation to
glucose tolerance in CHF yet.

Following this line of reasoning, the present study aims to desglucose tolerance in
relation to (a) severity of heart failure, (b) the intake and dosadgpical CHF medical
therapies and (c) body composition and skeletal muscle strengtmeter@geneous group of
stable CHF patients.

Methods

Subjects

Patients diagnosed with CHF were recruited from the heautdailinic of the Jessa hospital
(Hasselt, Belgium). Inclusion criteria were (1) a historyCéfF of at least 6 months and (2)
clinically stable for more than 3 months prior to the onset of thetysKnown diabetes with

glucose lowering therapy, engagement in phase Il rehalohtam a hospital setting and
other chronic diseases (pulmonary disease, end-stage renal diseaser) were the

exclusion criteria. Based on a previous study, sample sizestiasated on 60 patients [7].
All patients gave their written informed consent. Ethical approf/éihe study was obtained
from the committees of the Jessa hospital and Hasselt Uny@rsé investigation conforms
with the principles outlined in the Declaration of Helsinki.

Study design

In this prospective observational study, patients underwent a 2 h ocalksgltolerance test
(OGTT), had a late breakfast and muscle strength and body coimpagire assessed on a
single test day. During the OGTT, health-related quality fef dnd physical activity level
guestionnaires were completed and current medical therapy was registered.

Oral glucose tolerance test and blood parameters

Following an overnight fasting period, baseline blood glucose and insultenotrations as
well as blood lipids, HbAlc and B-type Natriuretic Peptide (BNRyemdetermined via a
venous blood sample. Hereafter, 75 g glucose (Merck KGaA, Darmstadt, Geaissolved

in 250 mL water was ingested and 1- and 2 hours blood samples wanddalkylucose and
insulin analysis. Blood samples for glucose and insulin (in serumasepatubes) and BNP
(in EDTA tubes) were maintained at room temperature for 30 mmtyicged, and the
collected serum and plasma were frozen at —80°C until analysizd Bamples for lipids (in
lithium heparin tubes) and HbAlc (in EDTA tubes) were processed dedhday. Glucose,
total cholesterol and HDL cholesterol were determined with am@ig AU analyzer
(Beckman Coulter, Switzerland), insulin and BNP with ADVIA Centggiemens Medical
Solutions Diagnostics, Germany) and HbAlc with Hi- Auto A1C AradygMenarini

Diagnostics, Italy). Serum glucose was converted to plasma glueoeg the following
formula: plasma glucose (mmol/L) = -0.137 + (1.047*serum glucose (m)nojis].



Subjects were divided into 3groups according to their glucometabate & recommended

by the American Diabetes Association (see Table 1) [19]. &&fervalues for insulin during

OGTT were 3-28 mU/L at fasting state, 29-88 mU/L 1 h after glucose load and 22/£2mU
h after glucose load [20].

Table 1 Criteria used for glucometabolic classification

NGT Prediabetes Diabetes
Fasting glucose <5.6 mmol/L 5.6-6.9 mmol/L >7.0 mmol/L
OR
2-hour glucose <7.8 mmol/L 7.8-11.0 mmol/L >11.1 mmol/L
OR
HbAlc <5.7% 5.7-6.4% >6.5%

NGT, normal glucose tolerance.

Muscle strength

Maximal voluntary unilateral strength of the upper leg wasuattatl in a seated position on
an isokinetic dynamometer (System 3; Biodex Medical Systé&mews; York, USA). The
rotational axis of the dynamometer was aligned with the 'ese knee joint axis and
connected to the distal end of tibia. Subjects performed 2 maxiomaéigc knee extensions
and flexions at knee angles of 45° and 90°. Maximal contractions (dre)imterspersed by
30 s rest intervals. The highest isometric extension and flexigneasr(Nm) at each knee
angle were selected as peak torque. Maximal strength wassegdras peak torque relative
to lean tissue of the right leg.

Body composition

To determine body composition, a Dual Energy X-ray Absorptiometan gHologic,
Vilvoorde, Belgium) was performed. Fat tissue mass and learetreass were obtained for
the whole body and for the following separate regions: legs, trumgidyyand android
region. From these findings, the following indices were calculatadt-to-hip fat mass ratio
(android fat (g)/gynoid fat (g) ratio), fat of the trunk / fat mass of the liratis.

Medical history and echocardiography

Hospital records were retrospectively reviewed for aetiolobyeart failure (ischaemic
versus non-ischaemic), and for left ventricular ejection fractidf) (B the most recent
echocardiography. In 25 patients, echocardiography was performed nmotita following
OGTT, with determination of E/E’.

Health related quality of life and physical activity

The EQ-5D was used to evaluate health related quality of tifis. & standardized, non-
disease-specific instrument for describing and valuing health hwhitmited in length (5
short questions and a visual analogue scale) [21,22]. Daily physitaity was assessed
using the International Physical Activity Questionnaire.



Statistical analysis

Statistical analyses were performed using SAS Enter@usege 4.3, SAS 9.2 (SAS Institute
Inc., Cary, NC) and R2.10.1 software. All measures are presentedaas+ SD. Continuous
data were compared using nonparametric one way ANOVA jpostl hoc multiple
comparison procedures were performed using Wilcoxon rank sum téstBanferroni
correction. Categorical data were compared using Fisher ésictBecause the glucose
curve consists of longitudinal data (3 time points for each patiegtiaons between the
glucose curve and other patient characteristics (explanatoaples) were investigated with
mixed model analysis. Multiple imputation (number of imputed datas&)swas performed
for E/E’ based on the glucose levels during OGTT [23]. Bivadateelation (Spearman) was
performed between fasting insulin and predictive variables. Al teste two-sided with a P-
value of 0.05 as threshold for statistical significance.

Results

From March 2011 to March 2012, a total of 480 patients were screenpdtight flow
diagram is presented in Figure 1.

Figure 1 Patient flow diagram.

Oral glucose tolerance test

Despite near-normal mean fasting glucose in the total group (5.7mrdd/L), 14 patients
(25%) were classified as having newly diagnosed diabetes, 31 @bS¥gving prediabetes
and 11 (20%) as having NGT. Overt diabetes was diagnosed because hic2de galues
only in 79% of patients, while only 3 patients could be diagnosed becatesting glucose
values and none because of HbAlc (Table 2). Glucose and insulin curves AGTT are
presented in Figure 2. In all 3 groups, mean fasting insulin levasls i the normal range
but increased above reference values 1 h after glucose load. Twoalftearglucose load,
insulin curves did not decline in prediabetics and diabetics.

Table 2Importance of 2-hour glucose values for glucometabolic classification
Prediabetes n = 31 Diabetes n = 14

Fasting glucose 5 (16%) 1 (7%)
Fasting + 2 h glucose 4 (13%) 2 (14%)
Fasting glucose + Hbalc 6 (19%) -
Fasting glucose + 2 h glucose + HbAlc 3 (10%) -
2-hour glucose 4 (13%) 11 (79%)
2 h glucose + HbAlc 6 (19%) -
HbAlc 3 (10%) -

Data are presented as frequency and percentage.

Figure 2 Glucose and insulin concentrations during 2 h OGTTData are shown as mean +
SE. NGT: normal glucose tolerance.




Patient characteristics and body composition

Table 3 shows patient characteristics of the 3 groups. Diffeseim New York Heart
Association class distribution and BNP values between groups wesgnificant. Medical
treatment, EF, age, gender, whole body weight and fat mass wenga@ble between
groups. Fat distribution expressed as fat trunk / fat limb ratided to be higher in diabetics
compared to prediabetics and NGT (p < 0.03). However, these differeitenot reach

significance after Bonferroni correction.

Table 3Comparison of patients characteristics according to glucometabolic s&t

NGTn=11 Prediabetesn=31 Diabetesn=14 p

Age (years) 64 £17 6911 70+£11 .58
Sex (% male) 91 58 64 15
BMI (kg/m?) 25.1+3.7 27.6+55 29.9+9.7 .39
Aetiology (% IHD) 27 32 57 22
NYHA class (% I-I-11I) 55-36-9 23-48-29 21-57-21 34
LVEF (%) 43 +13 42 +12 40 +12 71
E/EE(n=5n=13,n=7) 21.4+194 21.2+11.0 15.0+8.7 .33
ACE-inhibitor or AllA (%) 100 74 86 .16

% optimal daily dosage 73 £26 96 + 32 88lt 6 15
SelectiveB-blocker (%) 73 77 86 75

% optimal daily dosage 41 + 17 52 +27 55+ 2 .56
Non-selectivep -blocker (%) 18 13 7 .75

% optimal daily dosage 150+ 71 137+ 75 5D + .40
Diuretic (%) 64 84 71 .32

% usual daily dosage 113+ 67 103 +73 1296 .75
BNP (pg/mL) 167 £120 177 £ 207 293 + 383 .39
HbAlc (%) 53+0.2 57+0.3 59+03 .0T
Total cholesterol (mg/dL) 176 + 39 173 £ 45 1693 5 .81
HDL cholesterol (mg/dL) 43+11 50+ 15 49 + 15 .39
LDL cholesterol (mg/dL) 107 + 29 93+32 88 42 5.2
Triglycerides (mg/dL) 131+ 35 159 + 101 160 + 88 94.
Body weight (kg) 76.5+15.8 76.5+16.5 82.9+8B0. .10
Fat mass (%) 31.1+£6.9 35.2+9.1 34.8+9.2 .52
Lean mass (kg) 52.2+93 49.3+9.7 522+12.4 .62
Fat trunk/fat limb ratio 1.28+£0.39 1.39+0.26 63+0.35 .03**
Extension strength (Nm/kg)

45° 16.8+6.1 13.9+29 13.7+5.1 .32

90° 16.6 + 3.0 154+41 153+6.4 .58
Flexion strength (Nm/kg)

45° 9.0+2.8 82122 7.8+3.4 .89

90° 75+2.2 6.7+1.9 6.2+2.4 .60
Self-reported physical activity (METminutes/day) 219533-4313) 1872 (1789-4047) 1219 (664-5686) .73

BMI, body mass index8NP, B-type natriuretic peptiddHD, ischaemic heart diseadeyEF, left ventricular
ejection fraction;NGT, normal glucose toleranceNlYHA, New York heart association functional class.
Extension and flexion strength are expressed als foeque relative to lean tissue of the right IE€gntinuous
variables are presented as mean + SD, physicalitgcis presented as mean and 95% confidence iaterv
Categorical variables are presented as number encétage.
"NGT versus prediabetes and diabetes, **post hderdifices not significant after Bonferroni correstio



Muscle strength

Maximal isometric strength was comparable between groups.

Health related quality of life and physical activity

The total score of the EQ5D was similar in all 3 groups (datasshown), as well as overall
self-rated health status (NGT: 7.0 £ 1.0, prediabetics: 6.7 £ 1.9, dsbétdd + 2.0; p =
0.90). Also reported daily physical activity did not differ between groups.

Contributors to glucose tolerance

Univariate mixed model analysis revealed 6 possible explanatoibles for the glucose
values during OGTT: ischaemic aetiology, daily physicalvagti E/E’, android/gynoid fat
ratio, fat trunk /fat limbs and knee extension strength at 90°. Androidigyat ratio was
excluded from the final model building because of interferencetitother fat distribution
variable. When the remaining 5 variables were combined in one model rantdom
intercept, and after manual backward selection procedure, fabdigin showed a main
effect for overall glucose values. Furthermore, E/E’ anddfstribution also showed an
interaction effect with glucose curve over time. Multiple impotatanalysis produced the
same results.

Because insulin release after glucose loading was decreasled diabetic group, and the
insulin curves therefore did not follow the same increasing @eride glucose values, mixed
model analysis was not performed for the insulin curves. Instesithgansulin was found to
correlate moderately with body mass index (r = 0.51, p < 0.0001) antagstheight(r =
0.51, p < 0.0001). Fasting insulin was also slightly related with totat tadd%; r = 0.49, p
= 0.0001), triglycerides (r = 0.39, p < 0.01) and quadriceps strength & 45°0.33, p =
0.01).

Discussion

Despite near-normal fasting glucose values, our data show thatajbety of stable CHF
patients have impaired glucose tolerance. This was related to domdgosition and left
ventricular end-diastolic pressure, but not to severity of haduré symptoms, severity of
left ventricular dysfunction, nor typical medical therapies.

Description of glucose tolerance

In our study population, 80% showed an abnormal reaction to glucose intakeiashessily

detected using a 2 h oral glucose tolerance test, as proposée Bymierican Diabetes
Association [19]. In fact, only 21% of patients with diabetes woulddveectly classified

using fasting glucose values only, and none using HbA1c.

Glucose values were in the prediabetic range in 55% of the gatet in the diabetic range
in 25%. The proportion of prediabetes and undetected diabetes is much higherstudy
when compared to the findings of other studies, reporting 22-23% prediadiede18%
newly diagnosed diabetes in a selected population of CHF patwthtseduced EF [3,9].
This may be due to the heterogeneous study population irrespefci¥e Furthermore, it is



related to the use of stricter glucose cutoff values in additid#btAlc values for diagnosis
of (pre)diabetes in the present study.

The prognostic impact of this finding is enormous. A stepwise iscrganortality rate with
increasing glucose intolerance assessed by OGTT was foundgétyu: et al. [24].
Consequently, 80% of the study population, which represented the genergdaphiBtion
without glucose lowering therapy in the heart failure clinicatishigher risk for mortality
compared to other CHF patients with normal glucose toleranceefdherthe transition into
overt diabetes and worse prognosis should be prevented. Treatm@mné)diabetic CHF
patients with glucose lowering medication is not evident, asrieybe contra-indicated in
this population [25]. Therefore, diet counseling and exercise theaapythe preferred
treatment methods. Although evidence points to a possible benefitaat ef exercise
therapy on whole body glucose uptake in CHF, results are not conclusive sMdies using
standardized glucose tolerance assessment and supervised ertgoisations are needed
[26].

Glucose tolerance in relation to severity of hearfailure

Previous studies describing EF as a determinant for glucosancéewere performed in
CHF patients with reduced EF [4,7,27]. In addition, an association betlastalic function
and impaired glucose tolerance in CHF patients with preservdth& been reported [28-30].
Because we included patients with reduced as well as presefyetleEexpected to find a
relation between glucose tolerance and EF with worse glucosancdéein patients with
preserved EF. However, mixed model analysis showed no influerifie ah overall glucose
values or shape of the glucose curve. Likewise, BNP was not assowidh glucose curve.
Also, a stepwise increase along the diabetic continuum as showtatrgrdergret al and
Dinh et al was not present in this study population [28,30]. On the other sifle,a&harker
of left ventricular end-diastolic pressure, appeared to be a coiigbifaictor for glucose
response during OGTT.

Glucose tolerance in relation to typical CHF medichtherapies

Almost all patients in the study group were optimally tréatend therefore pharmacological
treatment between groups was similar. Our hypothesis that gltaesance is related to the
intake and dosage of typical CHF medical therapies was therefore not confirmed.

Glucose tolerance in relation to body compositionral skeletal muscle
strength

The classic link of glucose intolerance with increasing obastyconfirmed. Interestingly, a
greater importance of fat mass and fat distribution (trunkirféd/Fat) was shown compared
to lean mass. The ideal body weight for CHF patients has beaulfext of debate. On the
one hand, a low body mass index is a risk factor for mortalityH® @hile the presence of
obesity (body mass index 30-35 kdjris associated with lower mortality [15]. On the other
hand, more detailed body composition parameters may give another vithe beneficial
effects of obesity in CHF. Oreopoulesal suggested that higher lean mass is protective in
CHF, while fat mass is associated with detrimental effastsigher fasting glucose [16]. As
higher fat mass and fat distribution around the trunk were prediciogducose response in
the present study, our data agree with this logic. However, ahhéemn mass was



guantitatively not different between groups, it is probable that muscle quality antidriusre
decisive factors for glucose tolerance. In this respect, Doetinel have showed the
decreased glucose transporter protein type 4 in skeletal muscldFopatients, independent
of body composition [5].

Muscle function in terms of extension strength of the upper legelat®d to overall glucose
values, but was not a predictor for glucose tolerance when combiredthr variables. In
addition, extension strength was negatively correlated withngashsulin values. This
confirms our hypothesis that higher skeletal muscle stresgibsociated with better glucose
tolerance. Although we believe that higher muscle strengthefiextion of increased levels
of physical activity, this was not confirmed by the results gspal activity assessment with
the International Physical Activity Questionnaire.

This study has some limitations. Echocardiographic data wireviexd from hospital records
and were not prospectively assessed. Physical activity wassasls by questionnaire,
although it does not reflect true physical activity as compamedpedometers and
accelerometers. Furthermore, cardiopulmonary exercise toleramtceasakinetic strength
endurance assessment could have added valuable information to the veredhctel.

Finally, the study did not include healthy controls.

Conclusions

The proportion of glucose intolerant CHF patients is alarmingly fagt,is underestimated
when screening only fasting glucose and HbAlc. Our data did not showsaaiaion
between glucose tolerance and EF, New York Heart Associaties, ¢clar medication use.
However, glucose tolerance was associated with left ventrienlddiastolic pressure and
body fat distribution.

Abbreviations

CHF, Chronic heart failure; EF, Ejection fraction; OGTT, Oral glucoseaote test.
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Screening (n= 480)

Not meeting inclusion criteria (20%)
Glucose lowering therapy (31%)
Other chronic disease (18%)
Engagement in training program (4%)
Other (27%)

’ Contact (n= 163) ‘

’ Testday (n=61) ‘

Impossibility to draw blood samples (n= 4)
Discomfort during glucose load (n= 1)

Fimalyzed (n=56)
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