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Abstract

VOGELS, NEELTIJE, KRISTEL DIEPVENS, AND
MARGRIET S. WESTERTERP-PLANTENGA. Predictors
of long-term weight maintenance. Obes Res. 2005;13:
2162-2168.

Objective: The purpose of this study was to evaluate avail-
able variables of a long-term weight maintenance study to
investigate possible factors predisposing to weight regain
after a period of weight loss.

Research Methods and Procedures: The Maastricht
Weight Maintenance Study is an ongoing longitudinal study
of healthy men and women (29 men and 62 women; 18 to
65 years of age; BMI = 30.2 + 3.1 kg/m?). A variety of
parameters were measured before and after a very-low-
energy diet and after a follow-up of at least 2 years.
Results: Mean weight loss was 7.9 = 3.6 kg, and percent
weight regain was 113.8 = 98.1%. Percent BMI regain was
negatively associated with an increase in dietary restraint
(r = —0.47, p < 0.05). Percent weight regain was nega-
tively correlated with baseline resting metabolic rate (r =
—0.38, p = 0.01) and baseline fat mass (r = —0.24, p = 0.05)
and positively correlated with the magnitude of change in body
weight (BW) expressed as maximum amplitude of BW (r =
0.21, p < 0.05). In addition, amplitude of BW was positively
correlated with the frequency of dieting (r = 0.57, p < 0.01).
Discussion: The best predictors for weight maintenance
after weight loss were an increase in dietary restraint during
weight loss, a high baseline resting metabolic rate, a rela-
tively high baseline fat mass favoring a fat-free mass—
sparing effect during weight loss, a rather stable BW, and a
low frequency of dieting. Therefore, BW maintenance after
BW loss seems to be a multifactorial issue, including mech-
anisms that regulate an individuals’ energy expenditure,
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body composition, and eating behavior in such a way that
energy homeostasis is maintained.

Key words: weight loss, resting metabolic rate, dietary
restraint, body composition, dieting

Introduction

Obesity results from a chronic imbalance between energy
intake and expenditure. It increases the risk of numerous
conditions including type 2 diabetes, hypertension, and cor-
onary heart disease, which themselves are associated with
increased morbidity and mortality (1,2). Modest weight loss
reduces the risks associated with obesity-related disorders
and diseases (3,4). Although typically prescribed weight
loss strategies produce short-term success, sustained weight
maintenance is rarely achieved (5-7). Determining and un-
derstanding the possible parameters that predispose individ-
uals to body weight (BW)' regain after a period of weight
reduction is, therefore, necessary to improve current weight
maintenance strategies.

A large number of studies have previously addressed this
issue. Weight (re)gain has been associated with a low rest-
ing metabolic rate (RMR) (8—12), a high respiratory quo-
tient (RQ) (13-17), and higher scores on cognitive dietary
restraint measured with the Three-Factor Eating Question-
naire (TFEQ) (6,18-21). RMR is the component of energy
expenditure that explains the largest proportion of an indi-
vidual’s total daily energy expenditure. A low RMR may,
therefore, explain why some individuals regain weight more
easily than others. An elevated postabsorptive RQ after
discontinuation of a low-energy diet shows that the endog-
enous fat oxidation is reduced (13). Therefore, a high fast-
ing RQ should be considered predictive of BW regain (14).
The TFEQ is a self-report measure of eating behaviors that
are believed to be particularly relevant to the development
and maintenance of obesity. The TFEQ has been widely
used in obesity treatment and includes three subscales:
cognitive dietary restraint (Factor 1), disinhibition of dietary
restraint and emotional eating (Factor 2), and hunger (Factor

! Nonstandard abbreviations: BW, body weight; RMR, resting metabolic rate; RQ, respira-
tory quotient; TFEQ, Three-Factor Eating Questionnaire; VLCD, very-low-calorie diet;
TBW, total body water; FFM, fat-free mass; FM, fat mass; EE, energy expenditure; EI,
energy intake.
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Figure 1: Study design. Measurements, including BW, BMI, body
composition, attitude toward eating, BW amplitude, RMR, and
RQ, were taken three times over at least 2 years.

3) (22). Restrained eating has been studied extensively. In
general, lower overall intake of food energy, especially fat
and carbohydrate intake, has been associated with higher
cognitive restraint scores, especially in the obese (23-26).
Weight cycling has also been put forward as an important
predictor of weight gain. Different studies have shown that
repeated weight losses and regains do not improve the
success of future weight loss attempts (27-29); they may
even be related to net weight gain (7,18,30-32) and may,
therefore, have truly negative health consequences (27,29).
Weight cycling may induce an unfavorable change in body
composition, elevated blood pressure, and decreased resting
energy expenditure (29). Moreover, weight regain is asso-
ciated with life stress, negative coping style, and use of
eating to cope with negative emotions (33).

The purpose of this study was to evaluate relevant vari-
ables of different long-term weight maintenance studies to
determine possible factors predisposing to weight regain
after a period of weight loss. In addition to taking the
frequency of dieting into account, the magnitude of dieting
will be addressed.

Research Methods and Procedures

Subjects

The Maastricht Weight Maintenance Study is an ongoing
longitudinal study of healthy men and women (age, 18 to 65
years; BMI > 25 kg/m?) living in the south of The Neth-
erlands. They were recruited by advertisement in local
newspapers. All subjects evaluated in this study (n = 91; 29
men and 62 women) participated in a very-low-calorie diet
(VLCD) to lose weight. After a follow-up of at least 2 years,
all subjects were re-measured; most had regained weight.
The follow-up period varied from 2 to 8 years among the
different weight loss studies that made up the Maastricht
Weight Maintenance Study. There was, however, no effect
of the duration of follow-up period on percentage of BW
regain.

Study Design

The experimental design (Figure 1) shows that BW, BMI,
body composition, attitude toward eating, RMR, and RQ
were measured before (M1) and after (M2) a VLCD. The

diet was followed by a period where the subjects followed
a free-living eating pattern for 2 years or more. Measure-
ments were repeated once after 2 years or more had elapsed
since the end of the VLCD (M3). The protocol was ap-
proved by the Ethics Committee of Maastricht University.

Measurements

Anthropometry. Height was measured using a wall-
mounted stadiometer (model 220; Seca, Hamburg, Ger-
many), and BW was measured to the nearest 0.1 kg using a
digital balance (Seca, model 707; Seca, Hamburg, Ger-
many). Measurements were made with the subjects in
underwear, after an overnight fast, and after voiding the
bladder. BMI was calculated by BW divided by height
squared (kilograms per meter squared). Waist circumfer-
ence was measured at the site of the smallest circumference
between the rib cage and the ileac crest with the subjects in
standing position.

Body Composition. Body composition was measured us-
ing the deuterium dilution technique (34). H,O dilution
was used to measure total body water (TBW). Subjects were
asked to collect a urine sample in the evening just before
drinking the deuterium-enriched water solution. After in-
gestion of this solution, no further fluid or food consump-
tion was allowed. Ten hours after drinking the water solu-
tion, another urine sample was collected. The dilution of the
deuterium isotope is a measure of the TBW of the subject.
Deuterium was measured in the urine samples with an
isotope ratio mass spectrometer (VG-Isogas Aqua Sira; VG
Isogas, Middlewich, Cheshire, United Kingdom). TBW was
obtained by dividing the measured deuterium dilution space
by 1.04 (34). Fat-free mass (FFM) was calculated by divid-
ing TBW by the hydration factor of 0.73. By subtracting
FFM from BW, fat mass (FM) was obtained. FM expressed
as a percentage of BW revealed body fat percentage.

Attitude toward Eating, Frequency of Dieting, and BW
Amplitude

Eating behavior was assessed before and after losing
weight and at the last measurement session using a validated
Dutch translation of the TFEQ (22,35). Cognitive restrained
and unrestrained eating behavior (Factor 1), emotional eat-
ing and disinhibition (Factor 2), and the subjective feeling
of hunger (Factor 3) were scored. BW concern and chronic
dieting behavior were studied once, using the Herman-
Polivy questionnaire, which addresses weight conscious-
ness (36).

BW amplitude is the sum of a person’s maximum weight
loss (over a period of 1 month) and a person’s maximum
lifetime weight gain in kilograms of BW above desired BW
(measured by two questions of the Herman-Polivy question-
naire).
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RMR and RQ

RMR and RQ were measured after an overnight fast. O,
consumption and CO, production were determined using a
computerized, open-circuit, ventilated hood system. Gas
analyses were performed using a paramagnetic O, analyzer
(type 500A; Servomex, Crowborough Sussex, United King-
dom) and an infrared CO, analyzer (type 12-X1; Ser-
vomex), similar to the analysis system described by Schof-
felen et al. (37). Calculation of RMR was based on Weir’s
formula (38). RQ was calculated as CO, produced divided
by O, consumed.

Statistical Analysis

Data are presented as mean = SD. Statistical analyses
were performed with Statview SE Graphics for Macintosh.
Pearson correlation coefficients, r, were calculated to deter-
mine the relationship between selected variables. Subse-
quently, multiple regression analyses were performed to
obtain the combined independent predictors of weight re-
gain. Differences were considered significant at p < 0.05.

Results

Total BW loss was 7.9 = 3.6 kg (2.3 = 1.3 kg/m?). Mean
BMI regain was 2.6 + 2.5 kg/m?; i.e., percent BMI regain
was 114%. Percent weight regain was 113.8 £ 98.1%.

Percent BMI regain was negatively associated with the
increase in dietary restraint during weight loss (r = —0.47,
p < 0.05), which means that an early increase in dietary
restraint was associated with less regain.

Baseline characteristics of the subjects, as well as the
characteristics after weight loss and after follow-up, are
shown in Table 1. Weight maintenance was expressed as
percent weight regained from the weight lost. With respect
to this flexibility, multiple regression analysis showed that
baseline RMR seemed to be the explanatory variable for
percent weight regain (r = —0.38, p = 0.01; Figure 2),
without FFM adding to the explained variation (Table 2).
Furthermore, simple regression analyses showed that per-
cent weight regain was positively correlated with the mag-
nitude of change in BW (maximum amplitude of BW; r =
0.21, p < 0.05; Figure 3) and negatively correlated with
baseline FM (r = —0.24, p = 0.05) and baseline fat per-
centage (r = —0.25, p < 0.05).

Moreover, amplitude of BW was positively correlated
with the frequency of dieting (r = 0.57, p < 0.01).

The other variables at baseline (age, waist circumference,
and RQ) did not contribute to the variation in percent BMI
or weight regain.

Discussion
We evaluated data collected during the Maastricht
Weight Maintenance Study, which itself was a compilation
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Table 1. Subject characteristics at baseline (M1),
after weight loss (M2), and after follow-up (M3)
M1 M2 M3

Age (years) 446*96 448*+96 488=*=96
Height (m) 1.7 0.1 1.7*+0.1 1.7 =0.1
Body weight (kg) 87.3 =123 794 * 123 88.0 * 14.3
BMI (kg/m?) 302+3.1 279+33 306=*39
FM (kg) 313+72 253*£88 306+92
FFM (kg) 665+99 653+100 71.0=85
Body fat (%) 31958 279=x80 29.7x59
RMR (MJ/d)* 6.7+ 1.1 6.1 x1.1
RQ* 0.84 =0.05 0.80 =0.05
F1 (of the TFEQ) 74 *42 12.6*+46 92 +46
F2 (of the TFEQ) 69+26 52+32 55+30
F3 (of the TFEQ) 59+27 35+30 68*46
Herman Polivy

questionnairet 179 =34
Body weight

amplitudef 175 £ 6.5

Values are means *= SD. FM, fat mass; FFM, fat free mass; RMR,
resting metabolic rate; RQ, respiratory quotient; F1, factor 1; F2,
factor 2; F3, factor 3; TFEQ, Three Factor Eating Questionnaire.
* Measured twice: before and after weight loss.

T Measured only once: after follow-up.

of long-term weight maintenance studies that included a
variety of measurements made 2 to 8 years after initial
weight loss.

An inverse relationship between an increase in dietary
restraint during energy restriction and subsequent percent
BMI regain (corrected for height) was found; the explained
variance was 22%. This is in line with many previous
observations that have been made over the short and long
term (6,19,21,39,40). Because of an improved successful
restrained eating behavior, energy intake is decreased,
which will result in less weight regain. We speculate that in
the present affluent society, with its abundant choice of food
and decreased energy expenditure level, successful dietary
restraint is necessary to prevent subsequent weight gain.

Weight maintenance was indicated by percent weight
regained from the weight lost. For weight maintenance,
being in energy balance is crucial. Here we approached
energy balance by measuring RMR [the largest part of
energy expenditure (EE)] and dietary restraint [the degree to
which subjects restrain their energy intake (EI)], because we
were not able to measure total EE (because the doubly
labeled water method was too expensive) or total EI [be-
cause of the frequent problem of under-reporting of food
intake (41,42)]. We found that the best predictor for weight
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Figure 2: Percent BW regain as a function of RMR in a subset of
41 subjects (r = —0.38, p = 0.01).

maintenance over a follow-up period of at least 2 years was
RMR at baseline, which predicted 14% of the variability in
the ability to maintain weight. Baseline RMR was found to
be inversely related to percent weight regain, and the cor-
relation did not disappear when RMR was expressed as a
function of FFM. This is in agreement with the results from
Astrup et al. (8), who previously concluded that a low RMR
may contribute to weight regain in some formerly obese
subjects, and with the results from Ravussin and colleagues
(10-12), who showed that, in Pima Indians, the RMR for a
given body composition was a predictor of subsequent
weight gain. Recently, Buscemi et al. (9) concluded that, in
adult whites, a low relative RMR at baseline was associated
with body weight gain in the long run. In contrast, other
studies have reported no association between RMR and
weight gain (14,15,43-46). They mainly concluded that

Table 2. Multiple regression analysis of predictors
for weight regain

B-coefficient  SE 4 Partial F
Intercept 327.04
Baseline FFM 0.73 1.26  0.57 0.33
Baseline RMR —38.59 13.74 0.01 7.89

SE, standard error; FFM, fat free mass; RMR, resting metabolic
rate.
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Figure 3: Percent BW regain as a function of BW amplitude (the
sum of person’s maximum weight loss over a period of 1 month
and maximum weight gain in kilograms of BW above desired BW;
r=0.21, p <0.05).

RMR values returned to baseline values when obese indi-
viduals regained their lost weight (44), even within 10 days
of energy balance, which was reflected by a return to the
euthyroid state (43). Thus, similar to previous studies, we
conclude that, in this study, a low RMR explained why
some individuals regained weight more easily than others.
Whether a low RMR is acquired or genetic (47,48) is still
unclear.

With respect to EE, data about the subject’s physical
activity level would also be valuable. Physical activity level
had been measured before and after previous weight loss
and after 3 months of weight maintenance in ~50% of the
subjects in this study. The level was 1.6 *= 0.15 at every
time it was measured (49). Therefore, the changes in total
EE were dependent mainly on the changes in RMR.

To a minor extent, the new concept, amplitude of BW,
which explained 5% of the variance in weight regain, was
correlated positively with percent weight regain. BW am-
plitude is measured as the sum of an individual’s maximum
weight loss (over a period of 1 month) and their maximum
lifetime weight gain (in kilograms of BW above desired
BW). Thus, it describes the magnitude of change in BW
over an individual’s lifetime. It seems that people who have
previously experienced large weight losses, followed by
large weight regains, are at a higher risk to regain weight
after a period of energy restriction.

Frequency of dieting was correlated positively with the
amplitude of BW. This suggests that individuals who fre-

OBESITY RESEARCH Vol. 13 No. 12 December 2005 2165



Predictors of Long-term Weight Maintenance, Vogels, Diepvens, and Westerterp-Plantenga

quently follow diets have a greater predisposition to regain
a large amount of weight. In the past, this phenomenon has
been described as weight cycling, or the yo-yo effect, and
has been put forward as an important predictor of weight
regain (7,18,27-32). In addition to the yo-yo frequency,
the yo-yo amplitude also seems to be of importance.
Kajioka et al. (29) concluded that weight cycling induced
a decrease in resting EE, which can be one possible
explanation for this phenomenon. Lejeune et al. (21)
suggested an additional mechanism for weight cycling,
namely a limit in the ability to increase cognitive restrained
eating behavior. When the restraint score approaches the
limit (an F1 score of 21), the success of subsequent dieting
will decrease.

In this study, we found that (absolute and relative) FM
were an unexpected predictor of weight regain, explaining
5% of the variance in weight regain. Subjects with a high
FM regained less weight. The explanation for this phenom-
enon is speculative. Obese people have a lot of body fat,
which results in a body composition that is out of proportion
(50). In this study, the highest FM was 42%. It is easier for
obese people to lose a lot of weight in a small period of time
than it is for non-obese or very lean people (21,51-55).
After losing weight, which is mostly fat (56), subsequent
FM and FFM are going toward a more “common’ ratio
(~33% FM and ~67% FFM) of body composition. This
new, more favorable body composition may explain why
less weight regain is followed. The initial high FM, which
changes by weight loss, and the regain in a relatively lower
FM may be the result of an FFM-sparing effect. Previously
Dulloo et al. (56) described this sparing effect in which the
body composition of a given individual changes continu-
ously toward a leaner composition during the course of
starvation. In our study, we found this sparing effect in the
weight loss phase as well as in the weight maintenance
phase.

In summary, we found that the maintenance of BMI was
predicted by an increase in cognitive dietary restraint during
weight loss. The best predictors of weight maintenance after
weight loss were a high baseline RMR, a rather stable body
weight (referring to a low BW amplitude), a low frequency
of dieting, and a relatively high baseline FM that favored a
FFM-sparing effect during weight loss. The explained vari-
ance is 5% to 22%; i.e., dietary restraint or limiting food
intake, physiological variables such as body composition
and RMR, and previous dieting periods contribute to a small
proportion of the explanation of BMI or weight regain.
Therefore, other factors such as social support of the envi-
ronment (57,58) and habitual physical activity (30,57,59,60)
still are of importance.

To conclude, preventing weight gain is obviously the best
way of curbing the obesity epidemic. However, for individ-
uals who are already overweight, weight loss, but more
importantly, the maintenance of this weight loss, is vital for
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optimal health. Ingredients that increase RMR (e.g., green
tea) (61) may be helpful in maintaining the newly reduced
body weight.
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