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Introduction
Cardiac cachexia occurs in severe heart failure (HF).1,2 Heart
transplantation (HTx) is associated with weight gain and the fre-
quent development of obesity. Although this weight gain has
been attributed to glucocorticoid therapy, it is more dramatic
than after other solid organ transplants, despite similar steroid regi-
mens, and also unrelated to steroid dose,3 suggesting that other
mechanisms are responsible.

Leptin is an adipo(cyto)kine produced primarily by adipocytes
that acts on the hypothalamus to decrease appetite and increases
energy expenditure.4 Plasma leptin is thought to reflect adiposity,
and obesity is associated with elevated leptin. Resistance to the
appetite-suppressing effects of leptin is thought to co-exist with
obesity and insulin resistance in the metabolic syndrome, but the
mechanisms are poorly understood.

Aims
To determine the relations of leptin and insulin resistance to
adipose tissue mass, body composition, and caloric intake. We
hypothesized that the dramatic weight gain post-HTx is associated
with leptin resistance, insulin resistance, and central obesity.

Methods
We performed a cross-sectional study in 12 HF patients awaiting HTx,
12 patients 12.7+ 8.6 months of post-HTx, and 7 control subjects
(Table 1). We then performed a longitudinal study of 6 of the 12 HF
patients 5.8+ 3.3 months after HTx. Subjects were age and gender
matched. Heart failure and HTx patients were matched by aetiology,
and controls were matched by body mass index (BMI) to the HTx
patients. The protocol complied with the Declaration of Helsinki
and was approved by the institutional review board of Columbia Uni-
versity Medical Center, and written informed consent was obtained
from all patients.

Dual energy X-ray absorptiometry (DEXA) scanning was performed
with a QDR 4500 A Delphi W densitometer (Hologic Inc., Bedford, MA,

USA) to analyse body composition. Waist circumference was measured
in duplicate at the level of the umbilicus. Measurement of resting energy
expenditure (REE) and cardiopulmonary exercise testing with measure-
ment of peak oxygen consumption (peak VO2) was performed using a
metabolic cart (Medical Graphics, Minneapolis, MN, USA).

All subjects reported to the lab at 8 a.m. in the fasting state and under-
went blood sampling, completed a visual analogue scale (0–10) asses-
sing hunger, and then consumed a yoghurt-based breakfast test meal
where they were encouraged to eat until absolute satiety. Eating until
absolute satiety was intended to ensure that postprandial assessment
of hormones, appetite, and caloric intake would not be affected by
differences in postprandial satiety. Postprandial serial blood testing
and hunger assessment were performed hourly for 5 h. Subjects were
then given an unlimited buffet lunch meal of regular food of their choos-
ing and were neither encouraged nor dissuaded to eat. Caloric intake at
each meal was estimated using computerized software NDS-R 4.05-33
(University of Minnesota, Minneapolis, MN, USA).

Blood was collected into chilled EDTA tubes and centrifuged
at 2500 g for 15 min at 48C. Plasma was stored at 2708C. Radio-
immunoassays were performed for insulin (Linco Research Inc.,
St Charles, MO, USA) and leptin (Phoenix Pharmaceuticals, Belmont,
CA, USA). Serum glucose was measured by the hexokinase method.
The homeostasis model assessment (HOMA, mMmU/L2) for insulin
resistance was calculated as fasting insulin (mU/mL) � fasting glucose
(mg/dL)/405.3.5

Continuous variables were compared by one-way analysis of
variance (ANOVA). Pair-wise comparisons between cross-sectional
groups were done by Fischer’s least significance test. Paired compari-
sons between longitudinal groups were done by Student’s t-test. Serial
data over time were used to calculate the area under the curve (AUC)
for leptin. Pearson’s correlations were calculated. A value of P , 0.05
was considered statistically significant. All results are reported as
mean+ SD.

Results
Clinical characteristics and medical regimens of the cross-sectional
population are summarized in Table 1. Heart transplantation
patients had gained 18.0+7.7 kg over the 12.7+8.6 months
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since HTx. The 6 HF patients followed longitudinally had similar
characteristics compared with the 12 cross-sectional HTx patients.

In the cross-sectional study (Table 2), HTx patients had higher
BMI, fat mass, body fat %, abdominal fat mass and %, waist circum-
ference, and leptin AUC. Despite higher fasting leptin, HTx
patients had higher breakfast caloric intake than HF patients, and
despite higher leptin AUC between breakfast and lunch, HTx
patients had a trend towards a higher caloric intake at lunch
than the HF patients (Figure 1). The REE was similar between the
groups crudely and after adjusting for body surface area. Longitudi-
nal results were similar to cross-sectional.

Correlations for cross-sectional and longitudinal patients
together are listed in Table 3. Leptin correlated with overall and
abdominal fat % and with waist circumference in controls and
HTx patients [P , 0.02 (for all except waist circumference in con-
trols, P , 0.18)] but not in HF patients. Body mass index, overall
and abdominal fat, and waist circumference tended to correlate
positively with insulin resistance in control and HTx patients but
negatively in HF patients.

Conclusion
In HF patients, leptin was elevated despite normal BMI, confirming
some6,7 but not other8 previous studies. Heart failure patients had

lower caloric intake than the other groups. This may reflect inappro-
priately high leptin and resulting appetite suppression. The degree of
insulin resistance in HF patients was high, confirming previous
reports.9 Neither leptin nor insulin resistance correlated with tra-
ditional markers such as total or abdominal fat or waist circumfer-
ence (components of the metabolic syndrome). These data
suggest that leptin and insulin regulation in HF patients may be per-
turbed secondary to the hormonal and inflammatory aspects of HF
patients rather than to obesity. Leptin and insulin dysregulation may
themselves contribute to cachexia, although neurohormonal and
cytokine activation10 and/or resistance to growth hormone11 and
the appetite-stimulating hormone ghrelin12 may also be important.

Post-HTx, this is the first study to show that (i) leptin is elevated
and (B) despite higher leptin, caloric intake was increased, consist-
ent with leptin resistance. Leptin may be elevated post-HTx due to
the increased % body fat, but even leptin adjusted for fat % trended
towards being higher post-HTx. Insulin resistance was reduced but
did not resolve post-HTx. In controls and HTx patients but not in
HF patients, leptin correlated with markers of adiposity. These data
taken together suggest that HTx is associated with abdominal
obesity and leptin and insulin resistance, components of the meta-
bolic syndrome. Leptin resistance may contribute to weight gain,
but the cause and effect relationship cannot be established.
Weight gain post-HTx may also be due to resolution of HF-related
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Table 1 Baseline characteristics of the cross-sectional cohort

Group Control (n 5 7) HF (n 5 12) HTx (n 5 12) P-value (overall)

Age (years) 42+14 52+16 47+18 .0.2*

Gender, n (%) .0.2

Male 5 (71) 10 (83) 11 (92)

Female 2 (29) 2 (17) 1 (8)

BMI (kg/m2) 27.8+4.2 23.1+3.1 31.5+5.5 <0.001

Cachexia presenta NA 7 (58%) NA NA

Diabetes 0 3 (25%) 2 (17%) .0.2b

Weight gain since HTx (kg) NA NA 18.0+7.7 NA

Time since HTx (months) NA NA 12.7+8.6 NA

Aetiology NA .0.2

Ischaemic 4 (33%) 6 (50%)

Dilated 6 (50%) 5 (42%)

Valvular 2 (17%) 1 (8%)

HF drug therapy NA NA NA

Loop diuretic 12 (100%)

ACE inhibitor 12 (100%)

b-Blocker 5 (42%)

Inotropes 7 (58%)

HTx drug therapy NA NA NA

Prednisone (mg) 6+4

Cyclosporine A 9 (75%)

Tacrolimus 3 (25%)

Mycophenolate mofetil 12 (100%)

Bold denotes statistical significance (P , 0.05). BMI, body mass index; HTx, heart transplantation; ACE, angiotensin-converting enzyme; NA, not applicable.
aCachexia was defined as non-oedematous weight loss �7.5% over the preceding 6 months.10

bComparison HF vs. HTx only.
*P , 0.05 considered significant. P , 0.20 cited since may reflect trends. P-values .0.2 listed as .0.2.
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Table 2 Body composition, resting energy expenditure, exercise tolerance, hormones, appetite, and caloric intake in the
cross-sectional cohort

Group Control
(n 5 7)

HF cross-sectional
(n 5 12)

HTx cross-sectional
(n 5 12)

P-value

All Control
vs. HF

Control vs.
HTx

HF vs.
HTx

BMI (kg/m2) 27.8+4.2 23.1+3.1 31.5+5.5 <0.001 0.03 0.08 <0.001

Total mass (kg) 87+15 69+6 92+15 <0.001 <0.004 .0.2 <0.001

Fat mass (kg)a 24+9 17+2 31+9 <0.006 ,0.13 0.10 <0.002

Lean mass (kg)a 66+8 55+4 61+11 0.12 0.04 .0.2 0.17

Fat % 26+7 23+2 33+7 <0.009 .0.2 <0.03 <0.004

Abdominal fat mass (kg) 11.7+5 8.4+2 16.8+6 <0.01 .0.2 ,0.06 <0.004

Abdominal fat % 27+8 23+4 33+7 <0.009 .0.2 0.05 <0.003

Waist circumference (cm) 99+10 86+4 111+13 <0.001 ,0.10 <0.05 <0.001

REE (kcal/day) 1710+384 1812+352 2036+528 .0.2 .0.2 ,0.13 .0.2

REE (kcal/m2/h) 35+5 41+9 41+10 .0.2 ,0.14 ,0.15 .0.2

Peak VO2 (mL/kg/min)a 27+9 11+2 15+3 <0.001 <0.001 <0.001 0.18

Glucose (mg/dL) 86.4+5.8 105.4+16.8 96.4+16.1 ,0.05 ,0.02 0.17 ,0.19

Insulin (mU/mL) 11.6+7.1 21.8+10.9 18.1+6.9 0.08 ,0.03 0.14 .0.2

HOMA (mMmU/L2)b 2.5+1.6 5.7+3.0 4.3+1.9 <0.04 0.01 0.12 0.20

Leptin (ng/mL)c 8.56+5.2 8.14+7.6 16.65+11.6 ,0.06 .0.2 0.07 <0.03

Leptin per fat % (ng/mL/%)a 0.27+0.1 0.29+0.1 0.48+0.3 ,0.10 .0.2 0.06 ,0.10

Hunger fasting (0–10) 5.8+2.5 5.0+2.4 3.4+1.3 <0.05 .0.2 0.02 0.07

Breakfast (kcal) 907+260 832+364 1238+421 0.03 .0.2 ,0.07 0.01

Hunger after breakfast (0–10) 1.1+1.5 2.0+2.0 1.9+2.8 .0.2 .0.2 .0.2 .0.2

Leptin AUC (mg min/mL) 2.54+1.4 2.73+2.5 5.41+3.7 0.05 .0.2 <0.05 0.03

Hunger before lunch (0–10) 7.3+1.6 6.6+2.8 6.1+2.7 .0.2 .0.2 .0.2 .0.2

Lunch (kcal) 1185+650 391+103 831+309 <0.008 <0.002 0.13 0.06

Bold denotes statistical significance (P , 0.05). BMI, body mass index; HTx, heart transplantation.
aPeak VO2 and DEXA scans were not performed in the seven HF patients on inotropic therapy and thus leptin per fat % was not available.
bHOMA was not measured in patients with diabetes (n ¼ 3 HF and n ¼ 2 HTx); upper limit of normal for HOMA is 2.5 mMmU/L2.5
cNormal range leptin for this assay: men, 3.8+ 1.8; women, 7.4+ 3.7 ng/mL (Phoenix Pharmaceuticals).

Figure 1 Leptin, appetite, and caloric intake. Subjects consumed a breakfast until absolute satiety to ensure that postprandial assessments
were not affected by differences in postprandial satiety. For 5 h thereafter, the leptin area under the curve (AUC, mg min/mL) was significantly
higher in heart transplantation patients than in control or heart failure patients. Despite higher leptin, hunger was no different in heart trans-
plantation patients compared with control or heart failure patients. At the ad lib lunch meal, when subjects were neither encouraged nor dis-
suaded to eat, caloric intake was significantly and dramatically higher in heart transplantation patients than in heart failure patients, and similar to
controls. Hunger was measured on a 0–10 visual analogue scale. X-sect, cross-sectional; long, longitudinal.
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catabolic states such as neurohormonal and cytokine activation10

and/or ghrelin12 and growth hormone resistance.11 High-dose
dexamethasone has been shown to increase leptin;13 however, in
our study, steroid doses were low, and we have previously
shown that steroids are unrelated to weight gain post-HTx.

Limitations
The small patient population is the major limitation of the study. It
did not allow detection of differences between different HF aetiol-
ogies and it rendered the longitudinal findings statistically non-
significant. However, the consistency of findings and magnitude
of differences in the cross-sectional and longitudinal analysis
support the conclusions. The complexity of the measurements
made it difficult to involve other HTx centres in the study. Our
findings must be considered preliminary and need to be confirmed
in a larger population in a multicentre study.

Summary
These preliminary data suggest that HTx, independent of steroid
dosing, is associated with the development of leptin resistance
and abdominal obesity and persistence of insulin resistance,
states consistent with the metabolic syndrome. This may be sec-
ondary to and/or contribute to the dramatic weight gain observed
post-HTx.
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