
PHYSIOLOGICAL RESEARCH • ISSN 0862-8408 (print) • ISSN 1802-9973 (online) 
© 2014 Institute of Physiology v.v.i., Academy of Sciences of the Czech Republic, Prague, Czech Republic
Fax +420 241 062 164, e-mail: physres@biomed.cas.cz, www.biomed.cas.cz/physiolres

Physiol. Res. 63 (Suppl. 2): S321-S325, 2014 

Post-Exercise Changes of Beta Hydroxybutyrate as a Predictor 
of Weight Changes 

M. MATOULEK1,2, S. SVOBODOVA1, R. VETROVSKA1, Z. STRANSKA1, S. SVACINA1 

1Third Department of Medicine – Department of Endocrinology and Metabolism, First Faculty of 
Medicine, Charles University in Prague and General University Hospital in Prague, Czech 
Republic, 2Institute of Sports Medicine, First Faculty of Medicine, Charles University in Prague and 
General University Hospital in Prague, Czech Republic 

Received March 20, 2014 
Accepted April 23, 2014 

Summary 

The aim was to find the differences in ketogenesis initiation in 

the early period after the exercise in obese patients and to find if 

these changes may predict the weight loss during the physical 

activity program. 96 females were enrolled. A clamped heart rate 

test (CHR) was performed to establish comparable exercise 

intensity. Blood samples for beta hydroxybutyrate (BOHB) 

assessment were collected prior, immediately after and 60 min 

after the test. Patients underwent a three month fitness program. 

Anthropometric measurements (fat mass and biochemical 

parameters) were measured. An energy intake was monitored 

and comparable in all subjects. A significant increase of BOHB 

was found in 60th minute after the test, when compared with 

initiation levels (BOHB1 vs. BOHB3; p=0.03). This increase 

correlates with % fat mass (R=0.196; p=0.02) and negatively 

with age (R= –0.147; p=0.05) and with weight reduction during 

the three-month program (R= –0.299; p=0.03). Serum BOHB 

increase after the single exercise may detect individuals with an 

ability to induce lipolysis in three-month program of physical 

activity for obese patients.  
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Introduction 

The ability to predict weight and fat mass 
reduction is a major assumption for successful clinical 
weight loss programs. It is well known that effect of 
single exercise remains only for a certain period. This 
period is shorter particularly in patients with insulin 
resistance and diabetes that in non-diabetic population 
(Holloszy and Coyle 1984). The exercise may induce 
frequent epigenetic changes that may be associated with 
metabolic changes, including metabolism of BOHB 
(Pareja-Galeano et al. 2014). For successful weight 
reduction it is necessary to establish a negative energy 
balance. Only dietary restriction may result quite quickly 
in adaptation for low energy intake. Therefore weight loss 
slows down and the therapy from long-term period has 
been considered to be unsuccessful. For long-term 
successful therapy effect the physical activity with low or 
moderate intensity seems to be essential. Any physical 
activity stimulates utilization of carbohydrates and fats 
and fatty acids (Stranska et al. 2011). The lower physical 
activity intensity is the higher proportion of fatty acids 
has been utilized as a source of energy for muscle 
activity. Physical activity has many other benefits. 
Besides the positive effect on weight reduction it also 
affects many other metabolic processes. One of the most 
significant results is lowering of postprandial lipemia 
(Koutsari and Hardman 2001). 

There are differences in ability to utilize fatty 
acids as an energy source in resting condition and during 
the exercise as well (Goodpaster et al. 2001). Physically 
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more fit individuals have higher amounts of carnitine in 
their muscles. It facilitates fatty acids transfer through 
mitochondria membrane with their subsequent oxidation. 
Serum level of beta hydroxybutyrate (BOHB) was chosen 
as a marker of fatty acid utilization (Laffel 1999). We 
have a good experience using this marker for short-time 
period starvation tests: we have confirmed an individual 
increase of ketogenesis in patients with metabolic 
syndrome (Svacina et al. 1999, Haluzik et al. 2001). We 
placed a hypothesis whether there are potential 
differences in ketogenesis initiation during the physical 
activity in obese patients in the early period after the 
exercise and to find if these changes may predict the 
effect of intermediate lasting program of the physical 
activity. We wanted to find out whether any short-time 
exercise effect may be related to the effectiveness of 
long-time period exercise program evaluated by weight 
reduction in relationship to the short-time period BOHB 
changes.  

Patients and Methods 
 

96 patients from Obesity Center of the Third 
Internal medicine Clinic First Medical School in Prague 
was enrolled into the project with physical activity. Initial 
examination included anthropometric examination blood 
glucose, HbA1c, insulin, C-peptide, total cholesterol, 
HDL cholesterol, LDL cholesterol, triglycerides 
(Table 1). Out of 96 patients enrolled into this project 
only 62 patients were evaluated and their data were used 
for statistical analysis (median age 46.5±10.9 years, 
initial BMI 35.2±6.16 kg/m2, median % fat mass (FM) 
36.11±7.16 %.). All of them reached at least 85 % 
compliance with physical activity and energy intake 
monitoring. These patients´ compliance to the project 
protocol reached at least 85 %. Detailed descriptive 
statistics can be found in Table 1. The reason for 
exclusion from this project was no compliance with 
physical activity protocol. 

 
 
Table 1. Changes of anthropometric and metabolic parameters during 3 months reduction program (p-paired Wilcoxon-test).  
 

Parameter N Month 0 ± SD Month 3 ± SD p value 

Age (years) 62 46.5 ± 10.9   
Weight (kg) 62 100.73 ± 18.67 96.9 ± 18.6 0.001 
BMI (kg/m2) 62 35.2 ± 6.16 34.1 ± 6.21 0.001 
Waist circumference (cm) 62 108.42 ± 14.88 104.62 ± 14.31 0.004 
Fat mass (%) 62 36.11 ± 7.16 33.83 ± 7.23 0.001 
VO2max/kg (ml/kg/min) 62 25.05 ± 4.73 28.59 ±6.79 0.001 
glucose (mmo/l) 62 5.14 ± 0.96 5.005 ± 0.731 n.s. 
HBA1c (%) 62 3.91 ± 0.65 3.88 ± 0.531 n.s. 
C peptide (pmol/l) 62 0.98 ± 0.35 0.91 ± 0.39 0.04 
Insulin – IRI (IU/l) 62 12.36 ± 7.4 12.08 ± 9.1 n.s. 
Cholesterol (mmo/l) 62 5.11 ± 0.98 5.0 ± 0.99 n.s. 
HDL cholesterol (mmo/l) 62 1.29 ± 0.33 1.34 ± 1.31 0.05 
LDL cholesterol (mmo/l) 62 3.16 ± 0.75 3.04 ± 0.76 n.s. 
Triglycerides (mmo/l) 62 1.425 ± 0.78 1.24 ± 0.64 0.004 
CRP (mmo/l) 62 6.82 ± 7.32 4.71 ± 5.62 0.03 

 
Month 0 ± SD – before three month program ± standard deviation. Month 3 ± SD – after three month program ± standard deviation. 

 
 
In order to establish training exercise activity 

intensity a series of examination including 
spiroergometry and 30-min clamped heart rate test (CHR 
test) was performed. Spiroergometry examination was 
performed until subjective maximum was reached using 
VO2peak measurement and maximal heart rate. After that 

a 30-min CHR test was performed at a 65 % level of 
maximal heart rate reserve. This test enables to establish 
a proper intensity of an exercise adjusted to the heart rate. 
A constant heart rate has been maintained by changing 
the intensity level of exercise. Based on the number and 
range of the changes of the exercise intensity an optimal 
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heart rate for future training has been proposed. Blood 
samples for BOHB assessment were collected prior the 
test, immediately after the test and 60 min resting after 
the test termination. This test was followed by three 
month program managed by well experienced fitness 
coaches using heart rate monitoring sport-tester POLAR 
S810i with minimum of two training lessons under the 
supervision and at least one lesson at home. Weight loss 
at the end of the three-month program was evaluated in 
relationship to the BOHB changes in CHR test.  

Several parameters were evaluated prior and 
after the three-month program (Table 1). Anthropometric 
measurements included % FM measured using bodystat. 
An energy intake was carefully monitored during 
the whole three-month program in order to rule out 
a significant energy restriction that might affect the 
results.  

 
Statistics 

SW Sigmastat version 3.5 was used for 
statistical evaluation. After testing of normality the values 
were compared using non-parametric paired Wilcoxon 
test (values prior and after the CHR test, values prior and 
after the program). Spearman´s correlation coefficients 
were calculated for serum BOHB changes and 
weight changes.  
 
Results 
 

BOHB serum level has not increased 
significantly from basal – BOHB1 0.131±0.177 vs. post 
30-min test – BOHB2 0.124±0.149 (Table 2 and Fig. 1). 
But a significant increase was found in 60th minute after 
the CHR test termination – BOHB3 0.296±0.375 when 
compared with initiation levels (BOHB1 vs. BOHB3; 
p=0.03) (Table 4) and even when compared with the 
levels immediately after the CHR test termination 
(BOHB2 vs. BOHB3; p=0.02) (Table 3). This increase 
(BOHB1 vs. BOHB3) correlates negatively with age 
(R= −0.147; p=0.05 and % FM (R= −0.196; p=0.02) and 
with weight reduction during the 3-month program 
(R= −0.299; p=0.03) (Fig. 2). The whole group of 
patients was characterized by an expected increase of 
VO2peak from 25.05±4.73 to 28.59±6.79 ml/kg/min 
(p=0.001). This finding has confirmed the high 
compliance rate with physical activity and with the study 
protocol. Weight reduction during the program correlates 
with BOHB increase 60 min after the CHR test (Fig. 2). 
Serum BOHB increase correlates with age and confirms 

lower ability to induce ketogenesis using exercise in older 
individuals. It is easier to induce ketogenesis in lower 
weight individuals with lower waist circumference, lower 
fat mass percentage and lower serum level of 
triglycerides.  

 
 

Table 2. Beta hydroxybutyrate basal BOHB1 and its changes at 
the end of 30-min CHR test (BOHB2) and 60 min after recovery 
(BOHB3) (90 min from the beginning). 
 

  N 
START 
BOHB1 

30 min 
BOHB2 

90 min 
BOHB3 

BOHB 
(mmol/l)

62 0.131±0.177 0.124±0.149 0.296±0.375

 
 
Table 3. Beta hydropxybutyrate differences between the end of 
the CHR test and 60 min recovery (non-parametric pair 
Wilcoxon´s test). 
 

 n Mean ± SD p value 

DIFBOHB1-2 62 0.00231± 0.078 n.s. 
DIFBOHB1-3 62 0.16 ± 0.305 0,03 
DIFBOHB 2-3 62 0.17 ± 0.294 0.02 

 
 
Table 4. Correlation of the BOHB difference 0-90 min (BOHB1-3) 
and some parameters of metabolic syndrome (Spearman´s rank 
correlation). 
 

 r p value 

Age (years) -0.147 0.05 
Weight (kg) -0.21 0.01 
Waist circumference (cm) -0.206 0.01 
Fat mass (%) -0.196 0.02 
Cholesterol (mmol/l) -0.132 n.s. 
Triglycerides (mmol/l) -0.234 0.001 
HDL-cholesterol (mmol/l)  0.23 n.s. 

 

 
Discussion 
 

It is well known that there are differences 
between the ability to utilize fat acids (so called fast and 
slow fat burners) (Goodpaster et al. 2001). It can be 
determined by predisposition of low physical fitness 
status. Among obese population there are differences in 
ability for ketogenesis induction by low energy diet 
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(El Midaoui et al. 1996) and it seems that there are also 
differences in ketogenesis induction by effect of physical 
activity – during this activity and particularly after the 
activity. Exercise effect and increased energy output 
persists even several hours after the exercise termination. 
There are differences among lean individuals, patients 
with insulin resistance and diabetic patients (Storer et al. 
2011). We have confirmed that BOHB serum levels 
increase may predict the effect of physical activity on the 
successful weight reduction. Physical activity 
prescription should be modified based on these results. 
Some studies confirm that exercise twice a day for shorter 

period is at least same effective as an exercise performed 
once day for a double time period (Snowling and 
Hopkins 2006). But it seems that for clinical use it is 
better to recommend an exercise with lower frequency. It 
provides a higher compliance of the patients. But if 
BOHB production decreases rapidly and does not 
increase accordingly within 60 min it is recommended to 
use low energy diet together with shorter exercise several 
times per day. Lower increase of ketogenesis in older 
patients is in accordance to our hypothesis confirming 
that there is a lower ability for weight reduction in older 
individuals. BOHB serum level increase negatively 
correlates with serum levels of triglycerides (R= −0.24; 
p=0.01), % FM (R= −0.196; p=0.02). 

BOHB has not been currently every frequently 
used parameter. Point-of-care testing instruments for 
BOHB measurement are used for the early detection of 
diabetic ketoacidosis in pregnant females and in children. 
This parameter has not been currently used in obese 
population. Its measurement is very simple and useful: 
the individuals may differ in BOHB production and the 
production may be very simply monitored for example 
from breath (Storer et al. 2011, Samudrala et al. 2014). 

The problems of BOHB have not been frequently 
studied in the experimental studies on the animals. But it 
was found that chronic increase of exercise may cause a 
better degradation of BOHB in the muscle mitochondria 
(El Midaoui et al. 1996). Recently fibroblast growth factor 
21 has been considered as a significant indicator of 
lipolysis. But no relationship to ketogenesis was found in 
the experimental studies (Hotta et al. 2009).  

Based on recent studies results ketogenic diets 
may result in moderate BOHB serum level increase and 
in higher weight reduction (Sumithran et al. 2013). Our 
data suggest that BOHB serum levels increase can be 
used as a predictive factor of weight reduction with 
physical activity. Sumithran suggests that elevated 
BOHB may also induce the weight reduction, therefore it 
could also be considered to be a pathogenetic factor 
inducing successful weight reduction.  

 
Conclusion 

 
BOHB serum levels increase within 60 min after 

the CHR test seems to be a useful predictive factor for 
weight reduction in obese patients for physical activity 
program. Its assessment may represent a beneficial 
parameter for optimal proposal of the physical activity 
programs for weight reduction in obese.  

 
Fig. 1. BOHB changes between the end of the CHR test and
60 min recovery. 
 
 

 
 
Fig. 2. Body weight changes in relationship to the BOHB3-1 
serum level changes prior the test and at 90th minute of the test
(Spearman´s correlation) (axis Y BOHB 3-1 in mmol/l, axis X
weight change in kg). 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sumithran%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Sumithran%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23632752


2014  Post-Exercise Changes of BOHB as a Predictor of Weight Changes    S325  
   

Conflict of Interest  
There is no conflict of interest.  
 

Acknowledgements 
Supported by RVO-VFN 64165 and by project IGA MZ 
CR No. NT 8384-3.  

 
References 
 
EL MIDAOUI A, TANCRÈDE G, NADEAU A: Effect of physical training on mitochondrial function in skeletal 

muscle of normal and diabetic rats. Metabolism 45: 810-816, 1996. 
GOODPASTZER BH, HE J, WATKINS S, KELLEY DE: Skeletal muscle lipid content and insulin resistance: 

evidence for a paradox in endurance-trained athletes. J Clin Endocrinol Metab 86: 5755-5761, 2001. 
HALUZIK M, MATOULEK M, SVACINA S, HILGERTOVÁ J, HAAS T: The influence of short-term fasting on 

serum leptin levels, and selected hormonal and metabolic parameters in morbidly obese and lean females. 
Endocr Res 27: 251-260, 2001. 

HOLLOSZY JO, COYLE EF: Adaptations of skeletal muscle to endurance exercise and their metabolic consequences. 
J Appl Physiol Respir Environ Exerc Physiol 56: 831-838, 1984. 

HOTTA Y, NAKAMURA H, KONISHI M, MURATA Y, TAKAGI H, MATSUMURA S, INOUE K, FUSHIKI T, 
ITOH N: Fibroblast growth factor 21 regulates lipolysis in white adipose tissue but is not required for 
ketogenesis and triglyceride clearance in liver. Endocrinology 150: 4625-4633, 2009. 

KOUTSARI C, HARDMAN AE: Exercise prevents the augmentation of postprandial lipaemia attributable to a low-fat 
high-carbohydrate diet. Br J Nutr 86: 197-205, 2001. 

LAFFEL L: Ketone bodies: a review of physiology, pathophysiology and application of monitoring to diabetes. 
Diabetes Metab Res Rev 15: 412-426, 1999. 

PAREJA-GALEANO H, SANCHIS-GOMAR F, GARCÍA-GIMÉNEZ JL: Physical exercise and epigenetic 
modulation: elucidating intricate mechanisms. Sports Med 44: 429-436, 2014. 

SAMUDRALA D, LAMMERS G, MANDON J, BLANCHET L, SCHREUDER TH, HOPMAN MT, HARREN FJ, 
TAPPY L, CRISTESCU SM: Breath acetone to monitor life style interventions in field conditions: an 
exploratory study. Obesity (Silver Spring) 22: 980-983, 2014. 

SNOWLING NJ, HOPKINS WG: Effects of different modes of exercise training on glucose control and risk factors for 
complications in type 2 diabetic patients: a meta-analysis. Diabetes Care 6: 2518-2527, 2006. 

STORER M, DUMMER J, LUNT H, SCOTTER J, MCCARTIN F, COOK J, SWANNEY M, KENDALL D, LOGAN 
F, EPTON M: Measurement of breath acetone concentrations by selected ion flow tube mass spectrometry in 
type 2 diabetes. J Breath Res 5: 046011, 2011.  

STRANSKA Z, MATOULEK M, VILIKUS Z, SVACINA S, STRANSKY P: Aerobic exercise has beneficial impact 
on atherogenic index of plasma in sedentary overweight and obese women. Neuro Endocrinol Lett 32:  
102-108, 2011. 

SUMITHRAN P, PRENDERGAST LA, DELBRIDGE E, PURCELL K, SHULKES A, KRIKETOS A, PROIETTO J: 
Ketosis and appetite-mediating nutrients and hormones after weight loss. Eur J Clin Nutr 67: 759-764, 2013. 

SVACINA S, HAAS T, MATOULEK M, NEDELNIKOVA K: Classification of metabolic patients using dynamic 
variables. Stud Health Technol Inform 68: 636-638, 1999. 

 
 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=el%20Midaoui%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8692013
http://www.ncbi.nlm.nih.gov/pubmed?term=Tancr%C3%A8de%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8692013
http://www.ncbi.nlm.nih.gov/pubmed?term=Nadeau%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8692013
http://www.ncbi.nlm.nih.gov/pubmed/8692013
http://www.ncbi.nlm.nih.gov/pubmed?term=Haluz%C3%ADk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11428717
http://www.ncbi.nlm.nih.gov/pubmed?term=Svacina%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11428717
http://www.ncbi.nlm.nih.gov/pubmed?term=Hilgertov%C3%A1%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11428717
http://www.ncbi.nlm.nih.gov/pubmed?term=Haas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11428717
http://www.ncbi.nlm.nih.gov/pubmed/11428717##
http://www.ncbi.nlm.nih.gov/pubmed?term=Holloszy%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=6373687
http://www.ncbi.nlm.nih.gov/pubmed?term=Coyle%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=6373687
http://www.ncbi.nlm.nih.gov/pubmed/6373687
http://www.ncbi.nlm.nih.gov/pubmed?term=Hotta%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakamura%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Konishi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Murata%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Takagi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsumura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Inoue%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Fushiki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Itoh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19589869
http://www.ncbi.nlm.nih.gov/pubmed/19589869
http://www.ncbi.nlm.nih.gov/pubmed?term=Koutsari%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11502233
http://www.ncbi.nlm.nih.gov/pubmed?term=Hardman%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=11502233
http://www.ncbi.nlm.nih.gov/pubmed/11502233
http://www.ncbi.nlm.nih.gov/pubmed?term=Pareja-Galeano%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24399634
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanchis-Gomar%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24399634
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa-Gim%C3%A9nez%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=24399634
http://www.ncbi.nlm.nih.gov/pubmed/24399634
http://www.ncbi.nlm.nih.gov/pubmed?term=Samudrala%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Lammers%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Mandon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Blanchet%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Schreuder%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Hopman%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Harren%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Tappy%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Cristescu%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=24415494
http://www.ncbi.nlm.nih.gov/pubmed/24415494
http://www.ncbi.nlm.nih.gov/pubmed?term=Storer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Dummer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Lunt%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Scotter%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=McCartin%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=McCartin%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=McCartin%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Cook%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Swanney%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Kendall%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Logan%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Logan%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed?term=Epton%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22134047
http://www.ncbi.nlm.nih.gov/pubmed/22134047
http://www.ncbi.nlm.nih.gov/pubmed/21407166
http://www.ncbi.nlm.nih.gov/pubmed/21407166
http://www.ncbi.nlm.nih.gov/pubmed?term=Sumithran%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Prendergast%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Delbridge%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Purcell%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Shulkes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Kriketos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Proietto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23632752
http://www.ncbi.nlm.nih.gov/pubmed/23632752
http://www.ncbi.nlm.nih.gov/pubmed?term=Svacina%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10724967
http://www.ncbi.nlm.nih.gov/pubmed?term=Haas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10724967
http://www.ncbi.nlm.nih.gov/pubmed?term=Nedelnikova%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10724967
http://www.ncbi.nlm.nih.gov/pubmed/10724967##



