academic]Journals

Vol. 5(8), pp. 134-139, December, 2013
DOI: 10.5897/IINAM2013.0157

ISSN 2141-2340 ©2013 Academic Journals
http://www.academicjournals.org/I[JNAM

International Journal of Nutrition and
Metabolism

Full Length Research Paper

Resting and activity-related energy expenditure:Do
formerly overweight women differ from their ever-lean
counterparts?

David John Hume*, Jacolene Kroff and Estelle Victoria Lambert

UCT/MRC Research Unit for Exercise Science and Sports Medicine, Department of Human Biology, P.O. Box 115,
Newlands, 7725, South Africa.

Accepted 19 November, 2013

Weight loss relapse is common in reduced-overweight and reduced-obese persons. It is unclear
whether adaptations in resting metabolism and activity-related thermogenesis may result in energy-
sparing, thereby contributing to weight regain. We compared resting and daily activity-related energy
expenditure in formerly overweight women (maintaining weight losses of 2 5%) to normal-weight,
weight-stable women matched for body mass index (BMI) and age. Reduced-overweight (RO) and
normal weight (NW) women (N = 44) completed questionnaires for weight history, eating and physical
activity behaviors. Measures included: BMI, body composition (bioelectrical impedance), resting energy
expenditure and substrate oxidation, and daily activity-related energy expenditure
(accelerometry). Groups were comparable for habitual energy intake, resting energy expenditure,
resting fat and carbohydrate oxidation and daily activity-related thermogenesis. The RO group
significantly over-estimated daily moderate intensity activity-related energy expenditure (270 min/wk)
whereas the NW group did not (113 min/wk) (P = 0.02). Energy expenditure (resting and activity-related)
was comparable in RO and NW women. With the exception of over-reporting moderate intensity physical
activity, our findings suggest that formerly overweight women do not exhibit energy-sparing
adaptations increasing the likelihood of weight regain.
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INTRODUCTION

Obesity has become a global pandemic with more than
1.5 billion persons overweight or obese, worldwide.
Furthermore, it is estimated that in excess of $60 bhillion,
in the United States alone, is spent on weight loss efforts
per year (Collins, 2013). Despite these efforts, studies
show that 50 to 80% of persons who lose weight return to
starting weight within 3 to 5 years following initial treat-
ment (Weiss et al., 2007; Ross, 2009). Typically, only 20%

of overweight and obese individuals (body mass index
(BMI) = 27 kg m™) attempting weight loss, achieved at
least a 10% weight loss sustained for 1 year, with most
individuals maintaining only a 5% weight loss and around
35% actually gaining an additional 2 to 7 kg after a year
(Wing and Phelan, 2005). These findings suggest that
modest weight loss (< 10%) may be more sustainable
than larger weight reductions. This is noteworthy as
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sustained weight loss, even as little as 5%, is associated
with reductions in blood pressure, dyslipidemia, impaired
glucose tolerance (Janssen et al., 2012), anxiety and
depression (McCrea et al., 2012). Thus, the key barriers
to sustainable weight loss must be identified if weight loss
maintenance and its associated health benefits are to be
achieved among individuals who frequently relapse.

Prior research has shown that persons who are
successful at maintaining weight loss have made nume-
rous behavior changes, such that they generally weigh
themselves more frequently, restrict their daily fat intake,
exercise (on average) more than an hour per day and are
more likely to eat breakfast, compared to weight-stable
normal individuals and weight-loss relapsed obese
persons (Wing and Phelan, 2005). Conversely, there is
evidence that reduced-obese individuals present with
metabolic and behavioral compensatory responses which
oppose long term weight loss (King et al., 2007).

The metabolic compensatory responses include: a
lower-than-expected resting metabolic rate, an elevated
fasting resting respiratory exchange ratio (indicative of
decreased metabolic flexibility) (Wyatt et al., 1999) and a
reduction in resting fat oxidation rates (van Aggel-
Leijssen et al., 2001). The behavioral compensatory res-
ponses (being either automatic and/or volitional) include
disinhibited eating behaviors (that is, sporadic bouts of
overeating) (Polivy and Herman, 1985) and a reduction in
volitional and non-volitional physical activity-related
energy expenditure (King et al., 2007). These findings
suggest that certain individuals may have metabolic and/
or behavioral profiles promoting positive energy balance
and as a direct consequence, weight loss relapse.

In this study, we examined resting energy expenditure
and substrate oxidation, daily activity-related energy
expenditure (via accelerometry), along with self-reported
habitual energy intake and physical activity behaviours in
formerly overweight women (women maintaining
deliberate weight losses of = 5%) compared to ever-lean
women (women who have always been normal weight),
matched for BMI and age. We hypothesised that the re-
duced, previously overweight persons would demonstrate
either metabolic or behavioral energy-sparing adaptations
that may predispose them to weight-loss relapse.

METHODOLOGY
Subject recruitment

A convenience sample of 44 women, recruited from local fitness
centres via notice board advertisements and two commercial weight
loss enterprise electronic mail databases were included in our
study. The study ran for 6 months from June to November, 2010,
and participants were excluded if they experienced any of the
following within the 2 months prior to enrolment: a change in total
body weight of 5% or more, known metabolic disease, pregnancy or
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lactation. All participants fell within a BMI range of 21 to 30, and
were allocated to two groups: a reduced-overweight group (RO, N =
25) (women who experienced a = 5% reduction in total body weight
and had successfully maintained this weight loss for at least 2
months) and a normal weight group (NW, N = 19) (a group of
women with a similar BMI and age, who had never undergone
deliberate weight loss). The study protocol was approved by the
Research Ethics Committee of the Faculty of Health Sciences, from
the University of Cape Town (HSF REC: 253/2010), and all partici-
pants gave written informed consent before visiting our laboratories.

Experimental

Questionnaire-based data obtained included: weight history,
demographics, eating behavior, body shape concerns and physical
activity (Global physical activity questionnaire). BMI, waist
circumference, body composition, resting metabolic rate, resting
respiratory quotient, reported energy and nutrient intake and actual
physical activity (Actigraph GT3X) were measured.

Basic anthropometry and body composition analysis

Participants were measured for weight (BW-150, NAGATA, Tainan,
Taiwan) and height (3PHTROD-WM, Detecto, Missouri, USA), with
shoes removed and while wearing lightweight clothing. Waist
circumference (defined here as the smallest circumference
measured between the xiphoid of the sternum and the umbilicus)
was determined with a standard non-elastic tape measure. Body
composition was evaluated using bioelectrical impedance analysis
(BIA) (Quantum Il, RJL Systems, Michigan, USA). Body fat
percentage (%BF) was determined using the prediction equation by
Sun et al., 2003.

Self -reported physical activity using the global physical
activity questionnaire (GPAQ)

The GPAQ (Trinh et al.,, 2009) is a self-report questionnaire that
guantifies total minutes of moderate and vigorous PA in
occupational (paid and non-paid work), transport and leisure time
over the preceding 7 days. Only physical activity that occurred in
bouts of at least 10 min duration was included. Finally, resting time
(described as time spent sitting or reclining) was also quantified in
minutes per day.

Three-factor eating questionnaire (TFEQ)

The 51-item TFEQ (Stunkard and Messick, 1985) measures three
dimensions of human eating behavior: cognitive restraint (the
tendency to restrict food intake in order to control body weight),
disinhibition (a sporadic loss of dietary control in the form of
increased frequency and/or volume of food intake), and hunger (a
measure of whether appetite primarily drives food intake, and the
extent to which the individual engages in emotional eating). Higher
scores indicate greater degrees of cognitive restraint, uncontrolled
or emotional eating.

Body shape questionnaire (BSQ)

The BSQ (Rosen et al., 1996) was originally developed to identify
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Table 1. Basic characteristics of RO and NW subjects (mean + SD).

Parameter RO (n = 25) NW (n =19)
Age (years) 38+11 34+10
Weight (kg) 66.4+4.7 68.4+7.5
BMI (kg/m?) 24+2 25+2
Waist (cm) 79.1+5.2 79.916.1
Fat free mass (kg) 45.312.9 46.2+4.3
Bodly fat (%) 31.6+3.7 32.145.1
Highest adult weight (kg) 77.316.3 69.1+7.5*
% body weight lost 14.045.4" 1.1+1.5*

*P < 0.05, “weight loss maintained for 2 + 2 years; BMI: body mass
index.

pre-occupations with body shape in patients suffering from eating
disorders such as anorexia and bulimia nervosa and has also been
used in research related to weight loss, particularly among female
populations. The BSQ consists of 34 items, each yielding a score of
0 to 6 points. Points for all questions are summed and the total
scores are ranked as follows: no concern with body shape = 124 to
204; mild concern with shape = 92 to 123; moderate concern with
shape = 65 to 91; marked concern with shape < 64.

Food frequency questionnaire

All participants completed a previously validated, structured food
frequency questionnaire (Pedro et al., 2008) (Dietary Assessment
and Education Kit, Medical Research Council of South Africa, South
Africa) administered by a registered dietician. Energy intake (El)
was analysed using the computer package FoodFinder ™3 software
application (Version 1, Medical Research Council of South Africa,
South Africa). Total reported El (kJ), total carbohydrate (CHO),
protein, fat and alcohol (g and % of EI) were calculated.

Short fat questionnaire (SFQ)

The SFQ (Dobson et al., 1993) is a brief, 17-item self-administered
guestionnaire which provides a measure of habitual dietary fat
consumption. Fifteen of the questions are worth 0 to 4 points,
whereas the remaining two items can yield a maximum of 2 points
each. Finally, the scores for all items are summed to generate a
total out of 64 which is interpreted as follows: 0 to 17 = low fat
intake; 18 to 39 = moderate fat intake; > 40 = high fat intake.

Measurement of resting energy expenditure and substrate
utilisation

Subjects arrived at the laboratory after a 10 to 12 h overnight fast,
and then rested in the supine position for a minimum of 10 min prior
to the start of the test. The ventilated hood technique was used to
determine resting energy expenditure and substrate utilization
through the measurement of oxygen uptake and carbon dioxide
production for a total of 20 min. For each measurement, the first 5
min were discarded to ensure that subjects had reached steady
state (coefficient of variance of less than 10%) (Quark RMR,
Cosmed, Rome, ltaly). From these measurements, resting energy
expenditure (REE), using the Weir equation (Weir, 1949), respiratory

respiratory exchange ratio (RER) and fat oxidation were
determined. Before the start of each testing day, the gas analyzer
was calibrated with a 3 L syringe and standard gas mixtures of
oxygen (26% O; with the balance nitrogen) and carbon dioxide (4%
CO,, 16% O, and the balance nitrogen) (BOC Special Gas, Afrox,
Cape Town, South Africa).

Accelerometry for objective measures of physical activity

Fourteen participants in the RO group and fifteen participants in the
NW group wore an accelerometer (Actigraph GT3X, Actigraph,
Shalimar, FL, USA) on their hip for seven consecutive days.
Participants were asked, where possible, to adhere to their “normal
activities” for the duration of these seven days, despite the
presence of the accelerometer. A minimum of 600 min (10 h) was
required for one day of wear to be considered valid. For the current
study, a minimum of 4 days of valid wear time was taken. Data from
the GT3X were downloaded to a computer and were analyzed
using a Matlab-designed program (Matlab, Mathworks, MA, USA).
Moderate activity was differentiated from vigorous activity by cut-
points according to Matthews (2005). One bout of exercise was
quantified as 10 min or more, of 760 to 5998 counts per minute for
moderate activity, and in excess of 5,999 counts per minute for
vigorous activity. Finally, we calculated the total minutes per week
of moderate, vigorous and combined bouts in minutes.

Statistical analysis

The statistical package Statistica™ 9.0 (Statsoft. Inc, Tulsa,
Oklahoma, USA) was used to analyze all data. Demographic and
resting metabolic data, dietary behavior and self-reported physical
activity were compared between groups using either independent t-
tests for normally distributed data, or the Mann-Whitney U test for
data which were not normally distributed. Over-reporting or under-
reporting of physical activity was estimated based on the difference
in self-reported versus objectively measured minutes of moderate
and vigorous physical activity (GPAQ versus accelerometry). Data
are presented as means + standard deviations or as medians and
25th and 75th quartiles. The level for statistical significance was set
at p <0.05.

RESULTS
Subject characteristics

The mean age of the participants was 38 + 11 years (19
to 58 Q/ears) and mean BMI was 24 + 2 kg m* (21 to 30
kg m®). Twenty-three participants were normal weight
(BMI = 185 to 24.9 kg m?, and twenty-one were
overweight (BMI = 25 to 29.9 kg m®. However, no
significant differences were found between the RO and
NW control group for weight, waist circumference, fat-
free-mass (FFM) or body fat percentage. By study
design, the groups were dissimilar in terms of peak adult
BMI (RO = 282 kg m?>, NW = 249 kg m? and
significantly different for their highest adult weight (prior
to weight loss in the RO group, P = 0.00028) and percent
body weight lost (P < 0.00001) (Table 1).



Table 2. Resting energy and substrate metabolism in RO and NW
subjects (mean + SD).

Parameter RO (n = 25) NW (n =19)
RMR (Kcal/day) 1229+120.2 1298.4+174.7
RMR (Kcal/kg FFM/day) 27.1+2.6 28.1+3.3
RER (VCO2/VO2) 0.79+0.05 0.81+0.07

RMR: Resting Metabolic Rate; FFM: Fat Free Mass; RER: Respiratory
Exchange Ratio.

Table 3. Self-reported energy and nutrient intake and eating
behaviors in RO and NW subjects.

Parameter RO (n=25) NW(n=19)
Total El (kcal per day) 1566+417 1493+314
Fat intake (% EI) 3016 2917
Carbohydrate intake (% EI) 4948 54+8
Protein intake (% EI) 18+3 16+3*
SFQ score 207 21+7
TFEQ restraint factor 12+4 10+4
TFEQ disinhibition factor 74 74
TFEQ hunger factor 5+3 5+3
BSQ score 149+26 140+38

Means = SD; El: Energy Intake; SFQ: Short Fat Questionnaire;
TFEQ: Three Factor Eating Questionnaire; BSQ: Body Shape
Questionnaire.

Physiological measures

There were no significant differences in resting metabolic
rate (RMR) or resting respiratory exchange ratio (RER)
between the RO women and the NW control group (Table
2).

Self-reported energy and nutrient intake

Total reported energy, fat and carbohydrate intake,
measures of eating behavior or body shape concerns
between groups are presented in Table 3. Reported
protein intake (% of total daily energy intake) was 13%
higher in the RO women compared to NW controls (P =
0.023).

Self-reported and measured physical activity

There were no significant differences between RO and
NW women for total self-reported, total combined mo-
derate and vigorous physical activity (minutes per week),
as well as for vigorous activity alone. However, RO women
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reported more minutes of moderate physical activity per
week (P < 0.05), compared to NW women (Table 4).
There were no significant differences between the groups
with regard to total minutes per day spent at moderate,
vigorous or moderate-to-vigorous physical activity inten-
sity measures based on accelerometry. On average, RO
women reported more moderate physical activity (mean +
SD: 66 = 40 min per week) compared to their objectively
measured accelerometry data, whereas NW women re-
ported less moderate physical activity (mean + SD: 29 £
52 min per week) compared to their objectively measured
accelerometry data.

DISCUSSION

The main finding of the present study was that there were
no measurable differences in resting metabolic rate or
activity-related energy expenditure between RO women
and their NW BMI-matched counterparts. Measures of
resting metabolic rate and substrate metabolism, energy
and macronutrient intake, eating and exercise behaviors
and finally, body shape concern, were largely comparable
between groups. As such, these variables display little
evidence for any compensatory changes in the RO group
in our sample, posing minimal threat to lasting weight
loss in formerly overweight women.

Though no physiological differences were observed in
our reduced-overweight women (mean initial BMI = 28.3),
Liebel et al. (1995) showed that resting energy expen-
diture decreased significantly in reduced-obese subjects
maintaining a weight reduction of = 10% below initial BMI.
This may imply that physiological adaptations are more
likely to present in those with a higher initial BMI.
Interestingly, Chaput et al. (2007) demonstrated that an
intervention with an increased dietary protein intake
resists these changes and, since our RO women reported
a slightly but significantly higher protein intake compared
to the NW group, this measure may have afforded some
measure of protection against physiological
compensation in these women.

Our study revealed that body shape perception
between groups was also comparable and that TFEQ
scores were low for both groups (scores of 12 + 4 and 10
+ 4 for RO and NW, respectively). These results suggest
that, in terms of body concern and eating behaviour,
formerly overweight individuals can achieve weight
reduction without significant psychological or behavioral
compensation. While researchers have previously
identified elevated scores for restrained eating in those
attempting maintenance after successful weight reduction
(Klem et al., 1998), these subjects had lost a mean of
30+ 15 kg of body weight, suggesting that eating beha-
viors become disrupted only with greater degrees of
weight reduction. This is comparable to findings of Chaput
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Table 4. Self-reported and measured physical activity in RO and NW subjects.

Parameter RO (n = 25) NW (n = 19)
Moderate PA (min per wk) (median; 25th;75th quartile) 270(150; 360) 113(20; 255)*
Vigorous PA (min per wk) (median; 25; 75th quartile) 45(0; 180) 60(0; 213)
MVPA (min per wk) (median; 25th;75th quartile) 330(240; 640) 270(90; 408)
Measured Moderate PA (min per week, mean + SD)# 162+128 159+113
Measured Vigorous PA (min per week, mean * SD)# 33+34 87+104
Measured Total MVPA (min per week, mean £ SD)# 189+137 194+152
GPAQ-measured MVPA (min per wk, mean+ SD)# 66150 -29+201

*P < 0.05, student t-tests for group differences; MVPA: moderate-to-vigorous PA; # Measured Physical activity

determined in subgroups RO (n = 14) and RW (n = 15).

et al. (2007) who suggest that elevated TFEQ scores are
more common in individuals who have lost a greater
percentage of initial body weight. Finally, rather than
being directly causally related to risk of weight gain,
increased dissatisfaction with body shape has been
described as a precursor of atypical eating behaviors
which may alter energy intake and prompt regain (Stice
and Shaw, 2002). As described previously, such eating
disturbances and heightened concern for body shape
were not detected in either of our groups.

Since one of the only distinguishing characteristics
between our groups was an over-reporting of moderate
intensity exercise by the RO women, we propose the
overestimation of physical activity (PA) energy
expenditure as the only identifiable factor in the present
study that may predispose reduced-overweight women to
regain. This does raise some concern as women who
over-report physical activity levels have been shown to
have an overall lower rate of success at weight loss
maintenance than those who accurately predict PA
(Jakicic et al., 1998). Finally, although both groups
reported “adequate” levels of moderate-to-vigorous
physical activity (MVPA) (= 150 min/wk) (Haskell et al.,
2007), it has been demonstrated that successful weight
loss maintainers sustain relatively high levels of weekly
PA corresponding to approximately 60 min of moderate
intensity exercise per day (Phelan et al., 2006). Using
objective measurement, our RO women fell well below
this level (27 £ 20 min MVPA/day/wk).

According to Reed et al. (2013), a decline in energy
expenditure in the weight-reduced state coupled with a
heighted drive to eat is the leading cause of regain
following successful weight reduction. Our reduced group
did not mirror these adaptations in physiology or
behavior, thus we would like to suggest a cluster of
factors which may explain the insignificancy between our
RO and NW women. First, reductions in resting and
activity-related energy expenditure have been shown to
be less common among those who have: (i) undergone
more moderate reductions in body weight from maximum

weight (£ 15% versus = 20%) (Weiss et al., 2007), (ii)
maintained reductions in body weight for longer (= 2
versus < 2 years) and (iii) preserved lean mass during
and following weight loss efforts (Vogels et al., 2005).
Second, increases in hunger and appetite have been
demonstrated to be attenuated by an increased protein
intake in the reduced weight state (Chaput et al., 2007).
Due to the fact that (of our 25 RO women) 17 had lost
less than 15% of initial body weight and that a further 9
had maintained their reduced weight for 2 years or
longer, one could argue that these factors (in combination
with the significantly higher protein intake by this group)
may have protected them against the physiological and
behavioural compensatory mechanisms encouraging
weight regain.

According to Wing and Hill (2001), successful weight
loss maintenance is defined as a deliberate = 10%
reduction in initial body weight sustained for at least one
year. Although the RO subjects reported a mean weight
loss of 14% and a mean maintenance time of 2 years,
there was large variability in these measures (weight loss
ranged from 6 to 25.5%; maintenance time ranged from 2
months to 9 years), which may have decreased the
sensitivity of our measures. This is the foremost limitation
of our study.

Conclusion

Energy balance (as it relates to resting metabolic rate
and activity-related energy expenditure) is comparable in
RO and NW women. With the exception of a tendency to
over-report moderate physical activity by the RO group,
our findings suggest that formerly overweight women
were able to maintain weight losses without measurable
physiological or behavioral compensation. This finding
warrants further investigation as to why weight regain is
so common, especially among those who have achieved
greater weight losses and those with an initial BMI of 30
or greater.
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