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Abstract

The basis of medical nutrition therapy for patients with LC-FAODs is to provide adequate energy 

to maintain anabolism and prevent catabolism. In practice, energy needs are estimated based on 

formulas derived from normal populations but it is unknown if energy expenditure among patients 

with LC-FAODs is similar to the normal population. We measured resting energy expenditure 

(REE), total energy expenditure (TEE) and body composition in 31 subjects with LC-FAODs 

ranging in age from 7 to 64 years. Measured REE was lower than estimated REE by various 

prediction equations and measured TEE was lower than estimated TEE. It is possible that the 

lower energy expenditure based on prediction formulas from the normal population is due to 

differences in body composition; we compared body composition to normal data from the 2017–

18 National Health and Nutrition Examination Survey (NHANES). Fat free mass and fat mass was 

similar between subjects with an LC-FAOD and NHANES normal data suggesting no difference 

in body composition. We then compared measured REE and TEE to normal published data from 

the Dietary Reference Intakes (DRI). Measured REE and TEE were significantly lower among 

subjects with LC-FAODs compared to normal published energy expenditure data. Our results 

suggests patients with a LC-FAOD exhibit a lower REE and therefore actually have a slightly 

lower TEE than estimated. Current prediction equations may overestimate energy expenditure of 

patients with a LC-FAOD.
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Introduction:

Long-chain fatty acid oxidation disorders are inherited disorders of the fatty acid oxidation 

pathway presenting with clinical symptoms such as hypoketotic hypoglycemia in infancy 

and exercise or stress induced recurrent rhabdomyolysis in adolescence or adulthood, as 

well as cardiomyopathy at any age.[1] Multiple different disorders have been described 

in humans but some of the more frequently identified disorders include: carnitine 

palmitoyltransferase-2 (CPT-2; OMIM#255110, or #600649), very long-chain acylCoA 

dehydrogenase (VLCAD; OMIM# 201475), trifunctional protein (TFP; OMIM#609015), 

and isolated long-chain 3-hydroxyacylCoA dehydrogenase (LCHAD; OMIM#609016) 

deficiencies.[2] They are characterized by a decreased ability to oxidize fatty acids in 

the mitochondrial fatty acid oxidation pathway and an accumulation of partially oxidized 

fatty acids in the circulation, measured as long-chain acylcarnitine’s (Figure 1).[3] Episodic 

metabolic decompensation can occur during periods of negative energy balance when fatty 

acids become essential for energy production and result in high morbidity and mortality in 

this patient population.[1, 4]

Medical nutrition therapy (MNT) for these disorders is based on maintaining anabolism, 

while preventing catabolism and the consequent reliance on fat for energy.[5] In practice this 

is achieved by consuming adequate calories in small frequent meals over the course of the 

day, limiting periods of fasting and decreasing total dietary energy intake from long-chain 

fatty acids by consuming a high-carbohydrate, low-fat diet. Patients with LC-FAODs often 

also supplement their diet with medium chain triglycerides that use different mitochondrial 

FAO enzymes bypassing the block in the long-chain FAO pathway.[6, 7] If maintaining 

anabolism is the core tenet of management, estimating energy needs for patients is of high 

import. The current MNT recommendations suggest patients with LC-FAODs do not need 

more or less calories than people without a FAOD but rather, adequate total calories at 

regular intervals. However, the measured energy expenditure and thus energy needs of this 

population have not been thoroughly explored.

Total energy expenditure (TEE) is comprised of resting energy expenditure, energy 

expended with physical activity and the thermal effect of food or energy needed to digest 

and absorb and process nutrients.[8] Resting energy expenditure (REE) accounts for the 

majority of energy needs (60–70% depending on physical acitivty). It is typically measured 

first thing in the morning prior to eating or performing any exercise while resting but not 

sleeping. Physical acitivity is the most variable component of energy expenditure depending 

on the daily activities of the individual. Thermic effect of food is a small component of TEE, 

around 10%. The gold standard method to measure TEE in free-living individuals is with 

doubly-labled water (DLW).

We completed a randomized trial of even versus odd medium chain triglyceride supplements 

in 32 subjects with a LC-FAOD.[9] During that clinical trial we measured body composition, 

resting energy expenditure (REE) and total energy expenditure (TEE) on two occasions 4 

months apart. In this analysis we explored REE, TEE and body composition among subjects 

with LC-FAODs compared to available normal data. The goal was to determine if energy 

expenditure, and thus energy needs in subjects with LC-FAODs is similar to the normal 
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population and what is the best method to estimate energy needs in this group of rare inborn 

errors of metabolism.

Methods:

Study Design:

This is a secondary analysis of a previously published clinical trial conducted between 

November 2011 and February 2015.[9] Patients aged ≥ 7 years with a confirmed 

diagnosis of carnitine palmitoyltransferase-2 (CPT-2; OMIM#255110, or #600649), 

very long-chain acylCoA dehydrogenase (VLCAD; OMIM# 201475), trifunctional 

protein (TFP; OMIM#609015) or long-chain 3-hydroxyacylCoA dehydrogenase (LCHAD; 

OMIM#609016) deficiencies were enrolled. The diagnosis was confirmed by review of 

medical records documenting at least one significant episode of rhabdomyolysis and at least 

2 of the following diagnostic criteria: 1) disease specific elevations of acylcarnitines on 

a newborn blood spot or in plasma, 2) low enzyme activity in cultured fibroblasts, or 3) 

one or more known pathogenic mutations. (Table 1). The institutional review board at each 

study site (Oregon Health & Science University, OHSU, Portland, OR and University of 

Pittsburgh Medical Center, Pittsburgh, PA) approved the trial. Written informed consent and 

assent was obtained from all patients and their legal guardians. The trial was registered at 

clinicaltrials.gov (NCT01379625).

Randomization:

After baseline assessments, participants were assigned to either triheptanoin (C7) or 

trioctanoin (C8) supplementation in a 1:1 ratio stratified by diagnosis (CPT2, VLCAD or 

TFP/LCHAD). In-patient evaluation at baseline prior to randomization and again at study 

completion was conducted in the respective institutional Clinical and Translational Research 

Center. Participants were already following a diet low in long-chain fats, supplemented with 

commercial MCT at baseline. Subjects were instructed to consume a low-long-chain-fat diet 

and 20% of their estimated total energy needs from the study oil (either C7 or C8) during 

the 4-month study. Diet intake was assessed by patient recorded 3-day diet records at the 

beginning and end of the study. Diet records were analyzed with Food Processor nutrient 

software (ESHA Research, Salem, Oregon).

Body composition:

Body weight (BW), height, and body composition by dual-energy X-Ray absorptiometry 

(DEXA) were measured after an overnight 10-hour fast.[10]

Energy Expenditure:

Resting energy expenditure (REE) was measured after an overnight fast by indirect 

calorimetry as previously described. [10, 11] Total energy expenditure (TEE) was measured 

using a doubly labeled water method (DLW; 2H2O and H2
18O purchased from Cambridge 

Isotope Laboratories, Tewksbury, MA).[12] Ingestion of the DLW and subsequent collection 

of urine samples for analysis took place after returning home from the baseline assessment 

and prior to returning to the clinical site for end-of-study assessment in order to control for 
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differences in ground water isotope enrichment among the physical locations of the subjects’ 

homes. Physical activity level (PAL) was calculated as REE/TEE (Table 1).[13]

Prediction equations:

Each subjects basal metabolic rate (BMR) was estimated using a variety of standard 

prediction equations including Schofield, Harris-Benedict and Mifflin St Jeor (supplemental 

table 1). Subject estimated TEE was calculated using the DRI estimated energy requirements 

(EER) equations (supplemental table 2). and the physical activity factor associated with the 

measured PAL in table 1.

NHANES body composition data:

The body composition and diet intake data from NHANES 2017–2018 was downloaded 

from https://wwwn.cdc.gov/nchs/nhanes. Data was sorted by age, BMI and sex. All data 

with the same age in years, same sex (male or female) and same BMI ± 1.0 kg/m2 as one of 

the subjects with a LC-FAOD was used as the control population for body composition and 

diet intake. There were 252 controls that met matching inclusion criteria. Body composition 

was measured by DEXA and diet intake assessed by one 24-hour recall completed at the 

mobile testing center for each subject.

Energy expenditure control data:

Data published in Appendix I of the Dietary Reference Intakes for Energy, Carbohydrate, 

Fiber, Fat, Fatty Acids, Cholesterol, Protein and Amino Acids was exported to excel and 

sorted by age, BMI and sex.[14] All data with the same age ± 2.0 years, same sex (male or 

female) and same BMI ± 1.0 kg/m2 as one of the subjects with an LC-FAOD was used as the 

control population. Appendix I presents data as Basal Energy Expenditure observed (BEEo) 

measured by indirect calorimetry and total energy expenditure (TEE) measured by doubly 

labeled water. There were 192 controls that met matching inclusion criteria.

Statistics:

Primary data are provided in supplementary data tables. Multiple linear regression analysis 

was performed to determine factors that are related to mREE and mTEE in subjects with an 

FAOD. Energy expenditure variables were dependent and age, sex, FFM (kg), BMI category 

and timepoint were independent variables in the model. Paired t-test was used to compare 

measured Resting Energy Expenditure (mREE) to predicted BMR by various equations and 

measured Total Energy Expenditure (mTEE) to predicted EER. Body composition (FM, and 

FFM) of subjects with FAOD and NHANES matched control data (n=252) was compared 

with a mixed effects linear regression model with age, sex, BW and group (FAOD or 

control) as fixed effects and subject as a random effect. Macronutrient distribution (percent 

of kcals from protein, carbohydrate and fat) and kcal/kg were compared by unpaired t-test 

between subjects with FAOD and controls. REE for the 31 subjects with a LC-FAODs and 

BEEm for 192 matched controls was fit by a mixed effects linear regression model with 

age, sex, BW and group (FAOD or control) as fixed effects and subject as a random effect. 

Similarly, TEE and activity EE for the 29 subjects with a LC-FAODs and for 192 matched 

controls was fit by a mixed effects linear regression model with age, sex, BW and group 
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(FAOD or control) as fixed effects and subject as a random effect. For all analysis two-sided 

tests were conducted and p<0.05 was considered statistically significant. Analysis conducted 

with JMP 17.0 software (Cary, NC) and graphed with Prism 9.0 (Graphpad, San Diego, CA).

Results:

Subjects ranged in age from 7 to 64 years with a diagnosis of CPT2, VLCAD or 

LCHAD/TFP deficiency (Table1). One subject was excluded because consent for secondary 

analyses outside of the original project was not provided. There were 19 females and 12 

males. Fifty-three percent or 17 subjects had BMI or BMI%tile in the overweight or obese 

range (BMI>25kg/m2; Table 1). We measured resting energy expenditure (REE) by indirect 

calorimetry after an overnight fast on two occasions 4 months apart (baseline and 4 months). 

Body composition was measured by DEXA scan at the same timepoints. Age, fat free mass, 

and BMI category (healthy, overweight or obese) but not sex or timepoint (baseline and 

4 months) were significant predictors of REE suggesting there was no difference between 

timepoints (Figure 2A). We also measured total energy expenditure (TEE) by doubly labeled 

water. Our previous analysis found no difference in TEE between subjects randomized to C7 

or C8.[9] Two subjects did not return their urine samples during the study; our final sample 

size was 29 subjects with a LC-FAOD. Age, fat free mass and BMI category, but not sex or 

timepoint, were significant predictors of TEE (Figure 2B).

Next we determined if the measured REE and TEE in patients with a LC-FAOD were 

similar to predicted based on standard equations. Because timepoint was not a significant 

factor, we averaged the two REE measures for each subject (Table 1) and compared 

measured REE (mREE) to predicted Basal Metabolic Rate (BMR) using a variety of 

prediction equations (Supplemental Table 1). Subjects with an LC-FAOD had lower REE 

than predicted for all equations (Figure 3). Measured REE was on average 140 kcal/d 

lower than predicted BMR. We averaged the two measured TEE (mTEE) for each subject 

(Table 1) and compared to the predicted Estimated Energy Requirement (EER) using the 

Dietary Reference Intake (DRI) equations specific to BMI category (Supplemental Table 2). 

Measured TEE was on average 267 kcal/d lower than predicted EER by the DRI equations 

(Figure 3).

Measured REE is related to fat free mass (FFM); lower FFM leads to a lower REE. In a 

previously published small cohort of 9 subjects with LCHADD, we observed lower FFM 

compared to age, sex and BMI matched controls, but a very small dataset can produce biased 

results and should be interpreted with caution.[10] It was unknown if in a larger cohort the 

body composition among patients with LC-FAODs is similar to normal healthy subjects with 

the same BMI. To address this question, we compared FFM measured by DEXA in our 31 

subjects with LC-FAODs with the FFM in the NHANES 2017–18 data. FFM for subjects 

with LC-FAODs and FFM from an age, sex, and BMI matched sub-sample of the NHANES 

normal population (n=252) was analyzed by mixed effects linear regression model with age, 

sex, BW and group (FAOD or control) as fixed effects and subject as a random effect. 

Sex and BW were significant predictors of FFM but age and group (FAOD and controls) 

were not significant. FFM (Figure 4A) and Fat Mass (FM; Figure 4B) were similar between 
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controls and subjects with a LC-FAOD suggesting body composition is similar to the normal 

population.

Subjects with an FAOD were prescribed a low-long-chain-fat diet supplemented with either 

odd or even medium chain triglyceride. To determine if there was a difference in dietary 

macronutrient distribution or calorie intake between groups, macronutrient distribution 

(percent of kcals from protein, carbohydrate and fat, including both medium and long-chain 

fat) and kcal/kg were compared between subjects with an FAOD and controls. There was 

no difference in kcal/kg between groups (Fig 5A). Subjects with a LC-FAOD consumed 

similar % of kcals from protein, more carbohydrate and less total fat compared to controls 

(Fig 5B). Dietary intake may impact TEE by changing the thermal effect of food (TEF) and 

diets higher in carbohydrate and medium-chain triglyceride have been associated with higher 

TEF.[15]

If body composition is similar, why was the measured REE and TEE lower than predicted? 

To explore these relationships in greater detailed, we compared measured REE in 31 

subjects with a LC-FAOD to published observed Basal Energy Expenditure (BEEo) 

measured by indirect calorimetry in the DRI tables for age, sex and BMI matched normal 

subjects. REE for the 31 subjects with a LC-FAODs and BEEo for 192 matched controls was 

fit by a mixed effects linear regression model with age, sex, body weight (BW) and group 

(FAOD or control) as fixed effects and subject as a random effect. Group, sex and BW were 

significantly related to REE but age was not a significant factor in this model. The mean 

difference in REE between subjects with an LC-FAOD and controls was 61 kcal/d which 

would be almost 500 kcal over a week. This subtle difference is evident in the REE by BW 

plot (Figure 6A) where subjects with a LC-FAOD are consistently slightly below normal 

control data. A similar analysis was conducted with TEE. TEE for the 29 subjects with a 

LC-FAODs and measured TEE for 192 matched controls was analyzed by a mixed effects 

linear regression model with age, sex, BW and group (FAOD or control) as fixed effects 

and subject as a random effect. Sex, BW and group were significantly related to TEE. The 

difference in TEE between groups was 101 kcal/d (p<0.0015). While this is a small daily 

difference in TEE, over time this could contribute to excessive energy intake and weight gain 

among subjects carefully balancing their dietary intake to prevent catabolism and metabolic 

decompensation with negative energy intake (Figure 6B).

Finally, we explored if estimated activity Energy Expenditure (EE) could explain the 

difference in TEE between subjects with a LC-FAOD compared to controls; i.e., were 

subjects with a LC-FAOD less physically active? We estimated activity Energy Expenditure 

by TEE-(TEE × 0.1)-REE for both groups and analyzed the difference by a mixed effects 

model similar to the models for REE and TEE. Despite more variability in the data, there 

was no difference in activity EE between subjects and controls (Figure 5C) suggesting 

activity is similar between groups.

DISCUSSION:

The mainstay of treatment for LC-FAODs is to provide adequate energy to prevent 

catabolism and avoid periods of prolonged fasting that induce FAO.[5, 16, 17] If maintaining 
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energy balance is critical for anabolism and preventing metabolic decompensation, then 

estimating energy needs is a key element of developing a MNT treatment plan for patients 

with LC-FAODs. In this analysis, we considered what is the best approach to estimate 

energy needs. Like other populations, FFM or BW are strong predictors of REE. Contrary to 

our previous paired analysis, we observed similar body composition between subjects with 

a LC-FAOD and NHANES controls by using a much larger sample size. Despite similar 

body composition, multiple prediction equations overestimated measured REE and TEE. 

Similarly, subjects with LC-FAOD have a significantly lower REE and TEE compared to 

DRI published normal data. One potential consequence of lower energy expenditure would 

be increased prevelance of overweight and obesity due to energy intakes that exceed energy 

needs. In this cohort, 53% of subjects with a LC-FAOD were overweight or obese, similar to 

the general US population.[18, 19] We did not observe a higher prevalence of overweight or 

obesity in our cohort than is typically reported in the general population.

Current clinical guidelines suggest subjects with LC-FAOD do not need more energy than 

the normal population but, rather, small frequent meals spread across the day to prevent 

reliance on FAO for energy during periods of fasting.[5, 16, 17] This analysis suggests 

subjects with an LC-FAOD have lower resting and total energy expenditure than the 

normal population with a similar body composition. This was a surprising result and the 

exact reason is unclear. Lower physical activity is one potential explanation for the lower 

TEE but the estimated Activity Energy Expenditure was not different between groups. 

Similarly, physical activity levels or PALs were within a normal range typically observed 

in the population (Table 1). We have not measured physical activity directly with wearable 

devices in patients so it is possible that some patients with a LC-FAOD have a lower 

energy expenditure due to low physical activity. However PAL caculated by DLW is often 

considered the gold standard measurement and this analysis suggests lower physical activity 

does not account for the differences in TEE between subjects with a LC-FAOD and controls.

[13, 20]

Differences in dietary intake can impact the thermal effect of food (TEF) but this contributes 

a very small amount (approximately 10%) of overall TEE.[15] Subjects with an LC-FAOD 

consumed similar protein but higher carbohydrate and lower total fat than controls. Much of 

the fat consumed was in the form of a medium chain triglyceride. Both higher carbohydrate 

diets and intake of MCT increase TEF suggesting this diet would increase TEE.[15] 

However, we observed the opposite. It is unlikely differences in dietary intake explains 

the lower TEE observed.

Likewise, lower REE cannot be explained by lower physical activity or lower TEF. We 

have consider several different possible explanations. Other heritable genetic factors have 

been implicated in determining energy expenditure; REE and TEE are similar within 

families[21] and energy expenditure interclass correlations are greater among monozygotic 

versus dizygotic twins.[22] It is possible that these factors are different between the subjects 

with an LC-FAOD and the control population compared here; subjects with an LC-FAOD 

expressing other genetics factors associated with lower energy expenditure and controls 

expressing genetic factors associated with higher energy expenditure. However, given the 

relatively large sample size, this seems improbable.
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It is also possible there is a subtle decrease in mitochondrial respiration or mitochondrial 

number among patients with LC-FAODs compared to the control population. Lower 

mitochondrial respiration has been observed in African American women compared to 

age, body weight and BMI matched Caucasian women and was associated with lower RMR.

[23] Similarly, lower oxygen consumption has been measured in cultured fibroblasts from 

patients with VLCAD.[24] One exercise study suggested patients with VLCAD deficiency 

had more fast-twitch or type 2 muscle fibers and less slow-twitch or type 1 muscle fibers; 

type 2 muscle fibers have lower mitochondrial content than type 1 muscle fibers.[25] It is 

possible that muscle of patients with LC-FAOD have either lower mitochondrial respiration 

or lower mitochondrial number compared to a control population due to adaptive changes in 

muscle metabolism related to their disorder. This could be tested in muscle biopsy samples 

from patients with LC-FODs ex vivo.

It is also possible the subtle decrease in REE is an artifact of the technique used; i.e., indirect 

calorimetry. IC measures oxygen consumption and carbon dioxide production but does not 

measure heat lost due to anaerobic metabolism.[26] Subjects with LC-FAODs may have a 

subtle increased reliance on anaerobic metabolism that would not be measured with either 

IC or DLW.[27, 28] Evidence to suggest there is increased anaerobic metabolism among 

subjects with LC-FAODs includes frequently increased blood lactate during metabolic 

decompensation and on metabolomics profiles measured when patients are well.[6, 29, 

30] A shift toward fast-twitch fibers as hypothesized above would also suggest increased 

reliance on anaerobic metabolism as fast-twitch muscle fibers have increased glycolytic 

metabolism compared to slow-twitch fibers. However, even a modest increase in anaerobic 

metabolism is unlikely to fully explain the 6 kcal/d lower REE measured among subjects 

with a LC-FAOD; this caloric deficit would be associated with generation of approximately 

0.4 mol of lactate per day.

In conclusion, body composition of subjects with LC-FAODs was similar to normal 

data from NHANES. Current formulas to estimate REE and TEE based on normal 

populations overestimate measured REE and TEE in subjects with a LC-FAOD. Our 

current methods of measuring REE and TEE, although considered the gold standards, may 

slightly underestimate true energy expended if in fact there is a slight increased reliance on 

anaerobic metabolism. However, our overall conclusion is that subjects with a LC-FAOD 

have lower energy expenditure due to a lower resting metabolic rate. Additional studies are 

needed to confirm or refute the lower REE and TEE measured in subjects with LC-FAODs 

compared to control data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. The mitochondrial long-chain fatty acid oxidation pathway:
Long-chain fatty acids are imported into the mitochondria via the carnitine 

palmitoyltransferase shuttle. Once inside the mitochondria, B-oxidation proceeds in a 4-step 

process catalyzed by very long-chain acyl-CoA dehydrogenase (VLCAD) and trifunctional 

protein (TFP). Participants in this study had inherited defects in CPT2, VLCAD and 

TFP, including long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD). CPT1 = carnitine 

palmitoyltransferase 1, CACT = carnitine acylcarnitine translocase, CPT2 = carnitine 

palmitoyltransferase 2. Created in BioRender.com
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Figure 2: Resting and total energy expenditure of 31 subjects with a LC-FAOD by FFM.
Resting Energy Expenditure (REE) and Total Energy Expenditure (TEE) were measured at 

baseline (orange) and again after 4 months (blue). The corresponding shading represents 

the 95% confidence intervals of the measurement. A) The adjusted R2 for the full model is 

0.91. BMI category (normal, overweight/obese; p<0.001), age(p<0.001) and FFM(p<0.001) 

but not sex or timepoint (baseline or 4 months) were significantly related to measured REE. 

B) The adjusted R2 for the full model is 0.68. Similarly, BMI category (p=0.002), age 

(p=0.006) and FFM(p<0.001) but not sex or timepoint were significantly related to measured 

TEE. kcal = kilocalories; kg= kilograms
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Figure 3: Measured REE (mREE) compared to predicted BMR and measured TEE (mTEE) 
compared to predicted EER in subjects with a LC-FAOD.
Spaghetti plots illustrate measured REE (mREE) compared to predicted BMR by various 

equations. Each line is one subject. Measured REE was significantly lower than predicted 

basal metabolic rate (BMR) by the Schofield, Harris-Benedict and Mifflin St Jeor equations. 

Measured TEE (mTEE) was lower than Estimated Energy Requirement (EER) by the DRI 

equations. Paired t-test * p< 0.05, ****p< 0.0001
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Figure 4: Similar Fat Free Mass (FFM) and Fat Mass (FM) between subjects with a LC-FAOD 
and matched controls.
(A) Fat Free Mass and (B) Fat Mass were similar between subjects with an LC-FAOD 

compared to age, sex and BMI matched NHANES 2017–18 data (n=252). Control subjects 

are in blue, subjects with a LC-FAOD in orange. The best fit line (solid line) and 95% 

confidence interval (dotted lines) are illustrated for FAOD (orange) and controls (blue). A) 

The adjusted R2 for the full model is 0.99. Sex and BW (p<0.0001) but not age (p=0.67) or 

group (FAOD or control; p=0.08) are related to FFM. B) The adjusted R2 for the full model 

is 0.99. Sex and BW (p<0.0001) but not age (p=0.85) or group (FAOD or control; p=0.11) 

are related to FM. kg=kilograms
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Figure 5: Dietary intake of subjects with a LC-FAOD compared to NHANES controls.
A) Violin plot of kilocalories per kg of body weight (kcal/kg) illustrates similar energy 

intake between subjects with FAOD (yellow 13.9±3.2) compared to NHANES controls (blue 

15.0±5.7). The bold center dotted line is the median for each group, the smaller dotted 

lines indicate the lower and upper interquartile range. B) The macronutrient distribution is 

illustrated in the stacked bars. Percent protein was not different (FAOD 13.9±3.2, Control 

15.0±5.7; p=0.14), % carbohydrate was higher (FAOD 53.4±10.0, Control 49.2±11.6; 

p=0.044) and % fat lower (FAOD 31.9±7.2, Control 35.5±8.5; p=0.02) among subjects with 

a FAOD compared to controls. Data in legend presented as mean±standard deviation of the 

mean. P-values from unpaired t-tests.
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Figure 6: Resting Energy Expenditure (REE), Total Energy Expenditure (TEE) and Activity 
Energy Expenditure (EE) of subjects with a LC-FAOD compared to controls.
REE (A) and TEE (B) are lower in subjects with a LC-FAOD compared to age, sex and 

BMI matched published control data (n=192). Control subjects are in blue, subjects with a 

LC-FAOD in orange. The best fit line (solid line) and 95% confidence interval (dotted lines) 

are illustrated for FAOD (orange) and controls (blue). A) The adjusted R2 for the model is 

0.97. Age, sex, body weight (BW) and group (FAOD or control) were significant effects 

in the model (p<0.001). There was a 61 ± 10 kcal difference between FAOD and controls. 

B) The adjusted R2 for the model is 0.94. Sex, BW (p<0.001) and group (p=0.0015) were 

significant effects in the model. There was a 101 ± 33 kcal difference between FAOD and 

controls. C) Activity Energy Expenditure was not different between groups. The adjusted 
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R2 for the model is 0.81. BW (p<0.001) was but age (p=0.5) and group (FAOD or control 

p=0.14) were not significant effects in the model.
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