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cretion rates ( 1 ). Factors known to rapidly affect substrate 
oxidation include diet composition ( 2 ) and energy bal-
ance. Energy defi cits typically result in mobilization and 
oxidation of body fat ( 3 ), which is refl ected by a lower res-
piratory exchange ratio (RER). This is relevant because 
even in the absence of intentional weight loss efforts, us-
ing indirect calorimetry to assess interindividual differ-
ences in substrate oxidation is complicated by diffi culties 
in achieving energy balance ( 4, 5 ). Despite careful atten-
tion to detail by controlling diet and making prestudy 
measures of metabolic rate, it is not uncommon to fi nd 
300 kcal differences between energy intake and expendi-
ture as measured by room calorimetry ( 4, 5 ). We have at-
tempted to minimize these issues by feeding volunteers 
participating in our studies of fatty acid metabolism a diet 
with fi xed macronutrient distribution for 3–10 days prior 
to research studies ( 6, 7 ). In general, the metabolic kitchen 
in the Mayo General Clinical Research Center (GCRC) 
has been able to closely match energy intake to energy ex-
penditure measured using double-labeled water ( 8 ). 

 Given these efforts, we hoped that volunteers participat-
ing in our protocols, having consumed a diet with the 
same food quotient (FQ), would have similar daytime RER 
values, because if energy balance is achieved, FQ should 
equal the 24 h respiratory quotient. Unfortunately, we still 
observe signifi cant interindividual variability in overnight 
postabsorptive RER, which could be driven by constitu-
tional factors (increased constitutive lipolysis driving fat 
oxidation) or environmental factors, such as energy bal-
ance. We believe that understanding the relative contribu-
tion of the environment to this measurement is important 
for our studies of lipolysis because we found a signifi cant 
association between RER and overnight postabsorptive 
FFA concentrations ( 9 ) and because FFA concentrations 
are highly predictive of FFA fl ux ( 6 ). 

 The purpose of this report is to share our experience 
with factors that relate to inter- and intraindividual vari-
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creased by  � 1.0 kg, the amount of food provided was increased 
by 250 kcal/day in attempts to compensate, with continuing ad-
justments as needed if weight continued to decrease. If the vol-
unteers reported feeling more hungry than usual, the dietitians 
would take this into account and increase food intake even if 
the weight loss was <1.0 kg. If body weight increased by  � 1.0 kg 
and/or if the volunteers were unable to consume all food pro-
vided, the amount was decreased by 250 kcal/day. For the stud-
ies with  � 5 days of prestudy diet control, the experiments were 
only carried out if we are able to maintain weight within these 
parameters. 

 The volunteers were admitted to the GCRC the evening prior 
to the study day and consumed their evening meal at the same, 
standardized time (1800 h). Meals were provided during the 
study day at 0800, 1300, and 1800 h. The breakfast was a liquid 
meal (Ensure Plus; Ross Laboratories) that provided 40% of rest-
ing energy needs based on indirect calorimetry performed that 
morning. Carbohydrates, fat, and protein represented 57, 27, 
and 15% of the energy content of breakfast, respectively. The 
volunteers were given solid meals from the GCRC metabolic 
kitchen at 1300 and 1800 h that provided 50, 35, and 15% of en-
ergy as carbohydrates, fat, and protein, respectively. The total 
energy content of these meals was designed to meet each indi-
vidual’s remaining daily energy needs based on the weight main-
tenance diet for the preceding 7 days. During the study day, 
however, the volunteers were at bed rest for almost the entire day 
so that blood and breath samples could be collected regularly. 
Indirect calorimetry was performed hly from 0700 h for 9 h, 
at 1700 h and the next morning at 0700 h. These studies were 
primarily designed to measure the storage of meal fat into sub-
cutaneous adipose tissue using a radiolabeled triolein tracer 
incorporated into the breakfast meal ( 7 ). 

  Protocol 2.    These data were used to examine the cross-sectional 
relationship between RER and plasma FFA (palmitate) concen-
trations in nonobese adult men and women. All volunteers con-
sumed a diet providing 55% carbohydrate, 15% protein, and 
30% fat prepared by the Mayo Clinic GCRC metabolic kitchen 
for 3 days preceding the study. The energy needs were calculated 
as described in Protocol 1. After 3 days of this diet, the volunteers 
were admitted to the GCRC at  � 1600 h and remained fasted af-
ter a standard 10 kcal/kg meal (55% carbohydrate, 15% protein, 
and 30% fat) meal administered at 1800 h. No caffeine was al-
lowed during the study. The following morning, before the par-
ticipants arose from bed, REE was measured and arterialized 
blood was sampled at 10 min intervals for 30 min for measure-
ment of plasma insulin, growth hormone, epinephrine, and 
palmitate concentrations. 

  Protocol 3.     We used these data to examine whether the rela-
tionship between single measures of RER and FFA in a group of 
individuals (Protocol 2) is also seen when multiple measures are 
made in the same individual. Adults with inherently high rates of 
adipose tissue lipolysis may oxidize more fat after an overnight 
fast, or those with constitutionally high fat oxidation tendencies 
may mobilize FFA more readily to meet this demand. If either of 
these explanations was correct, we would anticipate that individu-
als would have consistent high or low overnight postabsorptive 
RER values even on a fi xed FQ diet. Alternatively, mild variations 
in individual energy balance could be due to imprecision of en-
ergy needs assessment and/or daily variations in energy expendi-
ture. The individual daily data from Protocol 3 was analyzed to 
help address this question. 

 The study was 14 days in duration. The volunteers were pro-
vided all meals (40% carbohydrates, 40% fat, and 20% protein) 
by the Mayo Clinic GCRC metabolic kitchen for 14 days. The diet 
control protocol was the same as that described for Protocol 1. At 
some time during the fi rst 10 days, the volunteers underwent 

ability in postabsorptive RER and FFA concentrations. We 
also provide data on the relationship between these two 
metabolic variables in the hope that this will aid future in-
vestigations of FFA metabolism. 

 METHODS 

 Subjects 
 Data from a number of research projects, both published ( 6, 

7 ) and unpublished, were used to address our hypotheses. All 
protocols were approved by the Mayo Clinic Institutional Review 
Board, and all participants provided informed written consent. 
These data are independent of our previous fi nding of a negative 
relationship between overnight postabsorptive RER and plasma 
FFA concentrations ( 9 ).  Table 1  provides the age, body mass in-
dex (BMI), and percentage of body fat data for volunteers from 
each protocol. 

 For Protocol 1, data from 51 volunteers (25 women and 26 
men) participating in studies of dietary fatty acid metabolism 
were used. The general approach to the studies is as previously 
outlined ( 7 ). The participants were all healthy, nonobese (BMI 
range 18.4–26.0 kg·m  � 2 ) adults aged 18–45. 

 For Protocol 2, 29 women and 31 men (BMI range 19.6–29.3 
kg·m  � 2 ) underwent studies of overnight postabsorptive FFA me-
tabolism to test for sex differences in nonoxidative FFA disposal. 
The RER and palmitate concentration data have not been 
published. 

 For Protocol 3, 50 volunteers (25 women and 25 men) partici-
pated in a study examining how body composition, hormone 
concentrations, and resting energy expenditure relate to FFA 
and glucose fl ux ( 2 ). The average FFA data from four experi-
ments have been published. Participants of this study had a wide 
range of BMI (18.9–36.0 kg·m  � 2 ). 

 No smokers or persons taking medications known to infl uence 
carbohydrate or lipid metabolism were included. In order to par-
ticipate, the volunteers were required to be weight stable for at 
least 2 months prior to the study. Hematological indices and liver 
and renal function studies were documented to be normal for 
each participant. 

 Study design 
 Only procedures and circumstances infl uencing the variables 

assessed in our article are described in this section. For entire 
design of original studies, refer to Refs.  6 and 7 . 

  Protocol 1.    We examined whether overnight postabsorptive 
RER is related to characteristics of the previous day’s RER, in-
cluding the responsiveness of RER to the meals [metabolic fl ex-
ibility ( 10 )] and/or the average RER. The latter should in theory 
be identical for all volunteers consuming an energy neutral diet 
with the same FQ. To be included in the data set, the volunteers 
needed to have overnight, postabsorptive indirect calorimetry 
measurements on two consecutive days. In addition, we required 
that data be available from at least 8 of 10 possible indirect calo-
rimetry measures performed on the fi rst inpatient study day 
(the day prior to the second overnight postabsorptive indirect 
calorimetry). All subjects consumed a weight-maintaining diet 
(50% carbohydrate, 35% fat, and 15% protein) provided by the 
GCRC for 7 days before the study. Individual energy needs for 
weight maintenance were calculated multiplying the resting en-
ergy expenditure (REE) by an activity factor determined for 
each individual. REE was estimated using the Harris-Benedict 
equation ( 11 ). The activity factor refl ected the individual ha-
bitual activity assessed by the interview. The volunteers were 
weighed and interviewed daily. If the individual’s weight de-
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Spearman Rank Order procedures was chosen based on the 
distribution of the data. The standard least squares method was 
applied. We also examined whether body fat, body fat distribution, 
and plasma concentrations of insulin, epinephrine, or growth 
hormone were related to plasma palmitate and RER using both 
univariate and multivariate regression analysis. Statistical software 
SigmaStat 2.03 (SPSS, Chicago, IL) was used. The measures of RER 
variability we examined included seven frequently used measures 
as indices of daily RER variability, range, variance, interquartile 
range, relative difference, coeffi cient of variation, SD, and the 
square of SD. 

 RESULTS 

 Protocol 1 
  Subject characteristics.     The data from a subset of these 

participants have previously been published ( 7 ). The en-
tire group’s average age, BMI, and percentage of body fat 
are provided in   Table 1  . 

  Predictors of postabsorptive RER.     The range of overnight 
postabsorptive RER values we observed on the fi rst and 
second mornings in the GCRC were 0.65–0.92 (mean ± SD = 
0.79 ± 0.06) and 0.66–1.01 (mean ± SD = 0.83 ± 0.06). The 
overnight postabsorptive RER measure on the second 
morning was best correlated with the average RER from 
the previous day ( r  = 0.74,  P  < 0.001;   Fig. 1  ). Indices of 
daily RER variability (range of RER, CV, of RER) either 
were not correlated with the postabsorptive RER or were 
only weakly correlated. The variance of RER (greatest 
value to lowest value, divided by average daytime RER) was 
negatively correlated ( r  =  � 0.37,  P  < 0.01) with the second 
overnight postabsorptive RER. Separate analysis for data 
from men and women showed the same patterns. 

 This indicated to us that interindividual variations 
in overnight postabsorptive RER in the inpatient GCRC 
setting largely refl ect the prior day’s energy balance 
rather than differences in the ability to rapidly shift be-
tween carbohydrate and fat oxidation following meal 
ingestion. 

 Protocol 2 
  Subject characteristics.      Table 2   provides the characteristics 

of Protocol 2 participants. Men and women had the same 
age and BMI but differed with regards to body composi-
tion as expected. 

 The overnight, postabsorptive RER values ranged from 
0.72–0.95 despite efforts to obtain energy balance and de-
spite providing a diet with identical macronutrient compo-
sition to all volunteers. Men had lower plasma palmitate 
concentrations ( P  < 0.001) and higher RER ( P  = 0.003) 
than women. 

body composition testing. On the 10th study day, participants 
were admitted to the GCRC for four consecutive overnight stays. 
While at GCRC, the volunteers consumed their evening meal at 
1800 h and a snack at 2100 h. During each of the last four study 
days, REE was measured before arising from bed in the morning, 
and arterialized venous blood was sampled for the measurement 
of plasma insulin, growth hormone, epinephrine, and palmitate 
concentrations as described for Protocol 2. The volunteers were 
then given breakfast and a carry-out lunch but allowed to go 
about their daily activities/work. They returned to the GCRC 
each day for their evening meal. The results for the average FFA 
and glucose fl ux have been published ( 6 ). 

 Analytical techniques 
 Plasma palmitate concentrations were measured using HPLC 

( 12, 13 ) or GC\Combustion\Isotope Ratio Mass Spectrometry 
( 14 ). Plasma palmitate concentrations for the volunteers re-
ported for Protocols 2 and 3 were consistently 25–30% of total 
FFA concentrations. REE was measured by indirect calorimetry 
(DeltaTrac Metabolic Cart, Yorba Linda, CA). The metabolic cart 
was calibrated each morning prior to the study, and additional 
quality control for the carts included monthly pressure calibra-
tions and gas calibrations together with biannual calibrations of 
the metabolic carts using an alcohol burn test. The test-retest dif-
ference is <3% for duplicate measures of VO 2  and VCO 2  for 
adults in the same environment on sequential days using our in-
struments. We take the following precautions for our measure-
ments:  1 ) each day before beginning to use the instrument, we 
check the calibration with a known gas mixture and if the vari-
ance from the known is >1.25% the instrument is reset;  2 ) if the 
ambient room CO 2  concentrations exceed those that we know 
interfere with CO 2  production, we increase the room ventilation 
until the ambient CO 2  decreases to acceptable levels;  3 ) we mea-
sure VO 2  and CO 2  every month in one of our personnel; if the 
CO 2  production rate is >20 ml/min different from average, we 
remeasure her with another instrument to test for biological ver-
sus instrument issues;  4 ) we use the same instrument for an en-
tire protocol unless maintenance issues arise that require us to 
substitute another instrument;  5 ) we track which instrument is 
used for each study and use these data as a way to track instru-
ment performance. Body composition was measured using a 
combination of DXA (Lunar DPX-IQ) and a single slice abdomi-
nal CT scan at the L 2-3  interspace ( 15 ). Insulin and growth hor-
mone concentrations were measured using chemiluminescent 
sandwich assays (Sanofi  Diagnostics, Chaska, MN), and plasma 
epinephrine was measured using HPLC with electrochemical 
detection ( 16 ). 

 Statistical analysis 
 Values are given as mean ± SD, where the data were normally 

distributed or as median (range), where the data failed to show 
normal distribution. To compare two sets of data, unpaired Stu-
dent’s  t -test or nonparametric rank sum test were used where
 appropriate. For comparison of multiple groups of data with 
nonnormal distribution, Kruskal-Wallis one-way ANOVA on ranks 
was used. For analysis of correlation, Pearson Product Moment or 

 TABLE 1. General subject characteristics 

Men Women

Protocol 1 Protocol 2 Protocol 3 Protocol 1 Protocol 2 Protocol 3

Age 29 ± 7 24 ± 3 30 ± 7 28 ± 8 22 ± 3 31 ± 8
BMI 23.2 ± 2.1 24.9 ± 2.8 26.9 ± 4.3 20.6 ± 1.7 24.1 ± 2.8 26.5 ± 5.7
Body fat (%) 17.3 ± 4.5 22.3 ± 7.0 24.0 ± 7.4 28.6 ± 5.8 34.4 ± 6.5 38.5 ± 8.2

Values are mean ± SD.
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fi cients and  P  values, are provided in   Fig. 4  . These rela-
tionships were not affected or related to body fat, body fat 
distribution, plasma hormone, or catecholamine concen-
trations, although plasma palmitate concentrations were 
independently correlated with plasma epinephrine con-
centrations as previously reported ( 6 ). 

  Intraindividual relationship between FFA concentrations and 
RER.    To determine if day-to-day variations in RER and 
palmitate concentrations followed generally similar rela-
tionships within an individual as between individuals, we 
performed linear regression analysis using the 4 days of 
data from each of the 50 participants. The regression lines 
developed using each participant’s data are depicted in 
  Fig. 5  . Using the four data points for each individual, the 
median coeffi cient of determination  R  2  was 0.32. Five of 
the slopes were signifi cantly different from zero (all were 
negative). The relationship between RER and plasma 
palmitate yielded a negative slope signifi cantly more often 
than a positive slope ( �  2  test;  P  < 0.001). 

 The average correlation coeffi cients were not signifi -
cantly different between men and women; however, the 
slopes of the relationship between RER and palmitate con-
centrations were signifi cantly more negative in men than 
women ( P  = 0.028;   Fig. 6  ). 

 Composite data 
 We compiled the available data from all of the volun-

teers included in these three protocols to create tertiles of 
overnight postabsorptive RER to test whether age or body 
composition differed between groups.   Table 3   presents 
the anthropometric, body composition, and fasting plasma 
triglyceride concentration data we collected arranged by 
tertile of RER. There is no signifi cance between group dif-
ferences in any of the variables. 

 DISCUSSION 

 Much of the within and between individual variability in 
overnight postabsorptive FFA concentrations cannot be 
accounted for by traditional factors, such as diabetes and 
obesity ( 6, 17 ). We recently found a relatively strong inter-
action between RER and plasma FFA concentrations ( 9 ) 
but wished to reconfi rm this fi nding and understand 
whether this relationship is largely constitutional versus 
environmental. We undertook this effort to understand 
the factors that relate to inter- and intraindividual variability 
in overnight postabsorptive RER and FFA concentrations. 

  Interindividual relationship between plasma FFA concentra-
tions and RER.    RER was negatively correlated with plasma 
palmitate concentrations ( r  =  � 0.39,  P  = 0.007;   Fig. 2  ), and 
this relationship was not affected or related to body fat, 
plasma hormone, or catecholamine concentrations in this 
group of nonobese men and women. The relationship was 
also signifi cant for women ( r  =  � 0.39,  P  = 0.037) and men 
( r  =  � 0.37,  P  = 0.038) separately. This is similar to what we 
observed in a lean and obese women and men ( 9 ) but does 
not address whether the interindividual variability in RER 
and the inverse relationship between RER and plasma FFA 
concentrations are constitutional. 

 Protocol 3 
  Volunteer characteristics.    The characteristics of partici-

pants in Protocol 3 have previously been published ( 6 ). 
There were no signifi cant differences in plasma palmitate 
concentrations or RER between women and men. 

  Interindividual relationship between plasma FFA concentra-
tions and RER.    Plasma palmitate concentrations were in-
versely correlated with RER for all four measurement days 
(  Fig. 3  ). The correlation coeffi cients ranged from  � 0.37 
to  � 0.53 on the different days. The regression lines for 
the four separate days, together with the regression coef-

  Fig.   1.  The average of the daytime RER values from the previous 
day is plotted versus the fasting RER for volunteers in Protocol 1. 
There was a signifi cant correlation ( r  = 0.74,  P  < 0.001) between the 
overnight postabsorptive RER and the average of 8–10 hly RER 
measurement from the previous day.   

  TABLE  2. Subject characteristics: Protocol 2 participants 

Protocol 2 All Women Men  P  

n 60 29 31
Age (years) 22 (18; 31) 22 (18; 31) 24 (19; 31) 0.153
BMI (kg·m  � 2 ) 24.4 (19.6; 30.9) 23.4 (19.6; 30.9) 25.0 (19.7; 29.3) 0.260
Palmitate (µmol·l  � 1 ) 82 ± 27 97 ± 28 68 ± 17 <0.001
REE (kcal·24 h  � 1 ) 1,637 ± 272 1,471 ± 175 1,793 ± 255 <0.001
RER 0.82 (0.72; 0.95) 0.81 (0.72; 0.95) 0.83 (0.74; 0.87) 0.003

The median and range of age, BMI, and RER are provided together with mean ± SD of palmitate and REE. The 
 P  value is the value for the nonpaired  t -test for differences between the values of men versus women.
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Although consistent with the accepted physiology that 
defi cits or surpluses in energy balance drive greater fat or 
carbohydrate oxidation ( 18 ), respectively, these fi ndings 
emphasize the impact relatively minor imbalances can 
have on standard metabolic measures. Given 10 days to 
feed a controlled diet, our metabolic kitchen is able to 
achieve energy balance within  � 200 kcal of average 
daily energy expenditure as measured by double-labeled 
water ( 8 ). 

 The inability to achieve ideal energy balance could be 
caused by inaccurate prediction of one or more portions 
of total daily energy expenditure: REE, thermic effect of 
food, or activity energy expenditure. Although measured 
REE in our volunteers generally agreed well with that pre-
dicted using the Harris-Benedict formula, we found this 
formula overestimated the REE by an average of 4.5% ( P  < 
0.05) for the volunteers in Protocol 2. We have previously 
noted that the thermic effect of food, although averaging 

The available data allowed us to address whether this 
association is related to constitutional and individual 
factors and/or the conduct of research studies. 

 We encountered substantial interindividual variability 
in postabsorptive RER even though our research volun-
teers consumed a fi xed FQ, weight maintenance diet for 7 
days prior to the studies. Although hyper- or hypoventila-
tion, as well as technical problems with the indirect calo-
rimetry unit, can create artifi cial differences in RER, we 
believe that the associations of fasting RER with FFA con-
centrations and the previous day’s RER in our volunteers 
excludes these possibilities as the sole explanation for our 
fi ndings. If perfect energy and body composition balance 
had been achieved, the average daily RER should refl ect 
the FQ, and any interindividual difference in fasting RER 
would result only from difference in the ability to shift be-
tween carbohydrate and fatty acid oxidation. Instead, in-
terindividual differences in fasting RER was related to the 
previous day’s average RER rather than RER variability 
(Protocol 1). We take this as evidence that, like others ( 4, 
5 ), our attempts to achieve energy balance are imperfect. 

  Fig.   2.  Palmitate concentrations are plotted versus RER for par-
ticipants in Protocol 2. Values for men are closed squares, and val-
ues for women are open circles. For all participants there was a 
signifi cant, negative correlation ( r  =  � 0.39,  P  = 0.007) between 
RER and plasma palmitate concentrations.   

  Fig.   3.  Palmitate concentrations are plotted versus RER for all 
participants in Protocol 3 for each of the 4 days of measurement.   

  Fig.   4.  The regression lines for palmitate concentration versus 
RER regression lines for each of the four separate study days for 
Protocol 3 are depicted.   

  Fig.   5.  The individual regression lines for each of the 50 partici-
pants in Protocol 3 are depicted separately, even if the relationship 
is not statistically signifi cant. The length of the line represents the 
range of values observed for each individual. The gray line repre-
sents the mean slope and intercept of individual regression 
formulas.   
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we might have falsely concluded that sex was the only rea-
son for the differences in FFA between women and men. 
The reason for this discrepancy between men and women 
in this protocol likely relates to the fact that 3 days was not 
enough time to assure weight stability. Our GCRC meals 
often provide less sodium than the typical diet of our vol-
unteers, which commonly results in some initial weight 
loss due to negative sodium balance. With the longer peri-
ods of controlled feeding, our dietitian staff was able to 
use daily weights to confi rm energy intake was reasonably 
matched to energy expenditure, but with only 3 days they 
were more reliant on volunteer feedback regarding 
whether the quantity of food was excessive. The women 
participating in Protocol 2 were more likely than their 
male counterparts to indicate the GCRC meals were exces-
sive. Without weight stability data to reinforce that the en-
ergy intake was appropriate, there appeared to have been 
more of a tendency to underfeed women in Protocol 2.
The data from Protocol 3, where RER and FFA concentra-
tions were not different between women and men ( 6 ), em-
phasize the importance of knowing RER when attempting 
to interpret group differences in FFA concentrations. The 
negative relationship between RER and FFA even within 
individuals fed standardized diets over 14 days ( 6 ) suggests 
that relatively small variations in daily energy balance con-
tribute a substantial amount to variability in overnight 
postabsorptive fatty acid oxidation (RER) and plasma FFA 
concentrations. 

 Although the post hoc analysis of data, such as we have 
included in this report ( 6, 7 ), is often a cause for concern 
( 21 ), we included additional data from new studies con-
ducted in our laboratory to minimize the likelihood of a 
Type 1 statistical error. The validity of the statement about 
intraindividual relationship between palmitate concentra-
tion and RER (Protocol 3) is limited by the fact that for 
only 5 out of 50 volunteers was the slope signifi cantly dif-
ferent from zero. Nevertheless, when only four data points 
per subject are available,  R  2  over 0.90 is required to prove 
nonzero slope. The median power of intraindividual re-
gression analyses 0.09 (0; 0.75) confi rms the low informa-
tive value of negative result. In the context of the whole 
group, other characteristics of these individual analyses 
become more important. The consistently high degree of 
mutual determination between palmitate concentrations 
and the postabsorptive RER intraindividually as well as 
similar direction of individual regression lines should not 
be discounted. These two characteristics would be unlikely 
to occur in the majority of Protocol 3 subjects merely by 
chance. 

 The practical implications of our fi ndings are that de-
spite strict standardization of nutrition and daily regimens 
for research volunteers, obtaining unambiguous results in 
the studies of FFA metabolism and substrate oxidation in 
humans can be challenging. Although one might question 
whether a controlled diet is a useful precaution for studies 
of FFA metabolism, the  � 15% CV in fasting plasma palmi-
tate concentrations we observed following dietary control 
( 6 ) is less than half that which we observed when no at-
tempts were made at dietary control ( 17 ). 

10%, can range from  � 5–15% ( 8 ). By assuming a 10% 
value for each volunteer, we might create an energy defi cit 
or surplus of up to 5% in some individuals. Neither of 
these factors are likely to explain the data from Protocol 3, 
however, where intraindividual RER variability was ob-
served over the course of four consecutive days. The sub-
stantial day-to-day variability in free-living physical activity 
( 19 ) in the absence of compensatory changes in food in-
take seem likely to account for our observations. Litera-
ture reports on the relationship of postabsorptive RER 
with the day-to-day energy balance variation are scarce, but 
Goris and Westerterp ( 20 ) have reported a relationship 
between postabsorptive RER and weight change within the 
prior few days. 

 We reconfi rmed the negative relationship between over-
night postabsorptive RER and FFA concentrations ( 9 ) in a 
new data set (Protocol 2). The average fasting RER was 
signifi cantly less in women than in men participating in 
this protocol, whereas plasma FFA concentrations were 
greater in women than men. Had we not measured RER, 

  Fig.   6.  The slope of individual palmitate-RER regression lines for 
men and women participating in Protocol 3 is depicted. Linear re-
gression analysis indicated a signifi cant sex effect.   

 TABLE 3. Subject characteristics by RER tertiles 

RER

Low
n = 54

Mid
n = 54

High
n = 53

RER 0.76 ± 0.03 0.81 ± 0.01 0.85 ± 0.02
Age (years) 29 ± 8 25 ± 5 26 ± 7
Weight (kg) 72.3 ± 14.4 72.6 ± 14.4 73.6 ± 16.6
BMI (kg/m 2 ) 24.0 ± 3.7 25.2 ± 4.2 23.8 ± 3.9
Fat (%) 27 ± 10 28 ± 10 27 ± 10
Fat fee mass (kg) 51.9 ± 11.8 51.3 ± 13.0 52.3 ± 13.1
Body fat (kg) 19.3 ± 9.5 19.5 ± 8.7 19.4 ± 9.1
Abdominal subcutaneous 

fat (cm 2 )
123 ± 72 132 ± 91 137 ± 95

Visceral fat (cm 2 ) 59 ± 54 56 ± 43 63 ± 45
Leg fat (kg) 6.4 ± 1.9 7.3 ± 3.1 6.6 ± 2.8
Plasma triglycerides (mg/dl) 107 ± 72 109 ± 48 121 ± 80

Low, mid, and high refer to tertiles of RER. There were no 
statistically signifi cant differences in any of the parameters between 
those in the three different RER tertiles.
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 In summary, we found that despite providing to our vol-
unteers a standardized diet prepared in a metabolic 
kitchen, there was a wide variation in RER that was in-
versely related to plasma FFA concentrations both between 
and within subjects during repeated measurements. Mild 
fl uctuations in energy balance were the most likely driving 
mechanism of this variability. On the basis of these results, 
we suggest that including high quality indirect calorimetry 
as part of experiments specifi cally designed to study FFA 
metabolism will be of benefi t, even if signifi cant efforts are 
made to minimize difference in energy balance.  

 The authors thank the research volunteers for their participation 
and the Mayo Clinic GCRC dietetics, respiratory therapy, and 
nursing staff for their technical assistance and help with data 
collection. 
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