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Abstract

Background—Although dietary weight loss counseling usually employs a 500-1000 kcal/d
energy deficit to induce weight loss of 0.5-1 kg/wk, this rate of weight loss is rarely achieved in
research settings. Biological factors, such as changes in metabolic rate, are partly responsible but
would account for a small deviation from expected weight loss. There must be other factors,
behavioral or related to study design and implementation that affect the rate of weight loss
observed.

Objective—To examine factors that influence the rate of weight loss obtained in clinical studies.

Design—Thirty-five weight loss studies published between 1995 and 2009 were identified that
used dietary counseling to induce weight loss in healthy subjects. Studies were included if they
had a duration of at least 6 wk, used a strategy to counsel subjects to reduce free-living energy
intakes, and reported weight loss data based on a completers analysis. Variables that were
associated with the rate of weight loss among age, gender (% female subjects), initial body weight,
frequency of dietary counseling, placebo use, exercise level, study length, and prescribed energy
deficit were examined using linear regression analysis.

Results—Study length was negatively related to the rate of weight loss (A<0.0001) whereas
subject age (~P<0.002), subject age squared (P=0.0073), initial body weight (£=0.0003), frequency
of dietary counseling (P=0.0197), and prescribed energy deficit (A<0.0001) were positively related
to the rate of weight loss observed in clinical studies.
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Conclusions—These findings provide a tool for investigators and clinical dietitians to predict
the rate of weight loss that can be expected within a population given the age, initial body weight,
frequency of dietary counseling, and energy deficit prescription. These data, from clinical studies,
suggest that the rate of weight loss is greater in older and heavier subjects and with higher contact
frequency and caloric restriction.
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INTRODUCTION

The U.S. National Institutes of Health’s clinical guidelines on obesity recommend that a
caloric deficit of 500-1,000 kcal/d be prescribed as an integral part of a weight loss program
aimed at achieving a safe rate of weight loss of 0.5-1 kg/wk (1). This level of caloric deficit
(3500-7000 kcal/wk) should result in the expected rate of weight loss of 0.5-1 kg/wk,
assuming that 0.5 kg of fat mass is approximately equivalent to 3500 kcal. Another implicit
assumption in this recommendation is that this rate of weight loss remains constant over a
period of time. In actuality, during weight loss, the energy level required to maintain a stable
body weight is reduced due to metabolic adaptations. One such adaptation is a reduced
metabolic rate (2) which may be the result of decreases in metabolically active tissue or in
hormone concentrations. Second, the energy costs of daily activities are lower at reduced
body weight. Therefore, in order to continue losing weight at the same rate, an individual
must also gradually reduce energy intake so as to maintain a constant negative energy
balance. To do so, the prescribed caloric deficit should follow the reduction in caloric
requirements at lower body weight. If these recommendations are followed, and assumptions
hold true, then one should obtain a rate of weight loss of approximately 0.5 kg/wk with a
constant caloric deficit of 3500 kcal/wk.

Weight loss studies, however, show a wide range of weight loss achievements within the
same study group. For example, a 500 kcal/d deficit, which would be expected to lead to a
rate of weight loss of 1 Ib/wk, does not create this level of weight loss for all participants.
There has been much interest in finding characteristics, either patient- or diet-related, that
would predict weight loss success. Williamson et al. (3) have identified 2 components of
adherence: behavioral and dietary. Behavioral adherence, including attendance to counseling
sessions and self-monitoring, predicted reductions in body weight, waist circumference, and
body fat (4) whereas dietary adherence, including adherence to calorie, macronutrient and
food goals, was also predictive but to a smaller extent.

Other studies have aimed to determine predictors of weight loss success, defined as losing at
least 5 % of initial body weight during the weight loss period. Fabricatore et al. (5) found
that shorter duration of overweight and depression were associated with lower success rate
whereas Greenberg et al. (6) observed that higher initial body weight, type of diet and
physical activity were the most dominant factors contributing to weight loss success. Texeira
et al. (7) also identified that fewer previous diets and weight outcome evaluations, and to a
lesser degree self-motivation and body image, were associated with weight loss in
Portuguese women. They noted that women reporting a larger discrepancy between self and
ideal body figures were less likely to lose weight.

These previous studies have identified potential variables that may affect weight loss but
tend to be specific to their study population and type of weight loss strategy employed. This
study was conducted to determine the empirically observed relationship between caloric
deficit prescription and amount of weight loss obtained in previously published weight loss
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studies. The objective was to evaluate the impact of various study design factors, such as
duration of the intervention, caloric deficit and exercise prescription, among others, and
subject characteristics, such as age, gender, and initial body weight, on the rate of weight
loss. We hypothesized that rate of weight loss would be greater in those with higher initial
body weight, more frequent counseling sessions, and greater caloric deficit and exercise
prescription. We also hypothesized that the rate of weight loss would be lower in older age
and women.

A literature search of published studies in the English language was performed in PubMed
(National Library of Medicine, National Center for Biotechnology Information, National
Institutes of Health) to find weight loss studies. Search terms included weight loss and diet.
Acceptable articles were published between January 1995 and December 2009, reported
weight loss results from studies with an intervention period of at least 6 wk duration in
healthy, adult subjects and used dietary counseling to induce a reduction in subject caloric
intake by a fixed amount. Placebo arms of weight loss drug studies were eligible for
inclusion if results from all recruited subjects who completed the study were provided.
However, arms that involved active drug component were not included in the study. Studies
that uniquely reported results of an intent-to-treat analysis were excluded from this analysis;
only data from completers analyses were included in this study. Each group within studies
consisting of more than one study treatment, such as studies comparing weight loss with diet
alone and weight loss with diet and exercise, was included as a separate data point in the
analyses. Only data from treatment arms that provided calorie restriction were included in
the analysis such that the low carbohydrate arm of the study by Stern et al. (8) was omitted.
Similarly, one study tested a low-sucrose diet (9); this diet arm was not included in the
analysis. Informed consent was obtained in each of the studies reviewed by their
institutional review board. However, this study was exempt.

A general linear model procedure was performed to determine which variables were
associated with weekly change in weight. The dependent variable was change in body
weight in kg/wk. Independent variables that were included in the general linear model
analysis were study length, prescribed caloric deficit, frequency of dietary counseling,
percentage of female subjects included in the study, age and initial body weight of the
subjects, presence or absence of placebo, and exercise. Study length was the length of time
between baseline and endpoint body weight measurements. This may be identical to the
length of the intervention program or slightly longer if the intervention had a graded
counseling program (ie. weekly for the first X weeks, then bi-weekly for Y weeks, and every
4 weeks for the last Z weeks). Furthermore, in the case of a graded counseling program,
frequency of dietary counseling was calculated as the total number of counseling sessions
during the study period divided by the total duration (in weeks) of the study. This produced
an average frequency of dietary counseling over the entire measurement period which would
reflect even rate of counseling throughout the study. However, not all studies actually had a
constant counseling schedule. Counseling rate was counted as weekly for one study which
used exclusively daily food records (10). Food records were not factored in the model for
other studies. However, repeating the analyses including food records as a component of the
counseling did not change the overall conclusions of our analysis. Presence and absence of
placebo were coded as 1 and 0, respectively, since placebo consumption may remind
individuals that they are in a weight loss program and improve compliance. Exercise
prescription was graded on a 4-point ordinal scale where 0 corresponded to no exercise
recommendation, or recommendation not to alter basal physical activity level; 1
corresponded to physical activity that was encouraged but not structured or controlled within
the context of the study; 2 corresponded to prescribed resistance training or aerobic exercise
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at low intensity or frequency (<3 times/week); and 3 corresponded to aerobic exercise at
high intensity or frequency (most or every day of the week) that was prescribed as part of
the study. All study-related variables were converted to weekly values for the purpose of our
analyses. Interactions were examined between gender and exercise, energy deficit and
exercise, and frequency of counseling and energy deficit. A quadratic effect of energy deficit
and age were also tested. Terms that were not statistically significant were removed from the
model by stepwise backward elimination. Of the interactions and quadratic effects tested,
only a quadratic effect of age was statistically significant. We therefore included both a
linear and a quadratic component of age in our model. All statistical analyses were
performed using the SAS system for Windows (version 9.2, 2008, SAS Institute Cary, NC).
Data are reported as means = S.E.M and A<0.05 was used to determine statistical
significance.

A total of 35 studies published between January 1995 and December 2009 were identified
and included in the present analyses (8-42). These studies provided a total of 64 data points.
The majority of the studies included dietary counseling without drug treatment; only 7 data
points provided placebo pills in addition to the dietary counseling. Twenty-four data points
included some recommendation for physical activity; the other advised participants not to
alter their physical activity level or provided no information to their participants on physical
activity. The age and initial body weight of the subjects in the included studies ranged from
29-71y (average 45.6 y) and 81.7-129.0 kg (average 95.7 kg). Studies included in the
present analysis prescribed energy deficits of 1670-7000 kcal/wk and were of 8-52 wk in
duration. The rate of weight loss observed in the studies included here ranged between
0.002-1.13 kg/wk. The average number of subjects represented by each data point was 19.9
+ 3.1 (mode 12, median 13.5). Approximately 25 % of data points represented study arms
with 10 subjects or less; 40.6% represented study arms with 11-15 subjects; 23.4% with
16-30 subjects; 6.3% with 31-50 subjects; and 4.7% represented study arms with more than
50 subjects. One study had 188 participants in the treatment arm (28).

Percentage of female subjects, presence or absence of placebo, and exercise were not
significant factors in the model to predict rate of weight loss and were not included in the
final analyses. Similarly, interactions between gender and exercise, energy deficit and
exercise, and frequency of counseling and energy deficit, did not reach statistical
significance and were therefore removed from the model. In the final model, only study
length, age, initial body weight, prescribed energy deficit, frequency of dietary counseling
and a quadratic effect of age were retained (Table 1). The predictive equation for the rate of
weight loss (kg/wk) was therefore,

Weight change/wk=(2.0738+0.01775/ 0.06398a+ 0.0005568a° 0.0088 14w—0.08964c0.00005719Edf)

where /is study length in wk, ais age iny, wis initial body weight in kg, ¢ is counseling
sessions per week, and Edfis prescribed energy deficit in kcal/wk.

The results of the regression analysis show that, as study length (/) increases, the rate of
weight loss decreases whereas higher age (&), initial body weight (1), frequency of dietary
counseling (¢), and prescribed energy deficit (£d/) predict greater rate of weight loss. For
example, increasing study length by 1 week would reduce the rate of weight change by
0.01775 kg/wk.
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Figures 1 and 2 show the rate of weight loss expected by individuals, differing in age
(Figure 1) or initial body weight (Figure 2), counseled to reduce their caloric intakes by
3500 kcal/wk for a period of 16 wk. We chose to present this study length since this was the
mode and median of the data points used to generate the data and average study length was
17.7 + 1.0 weeks. Dietary counseling was set at weekly sessions. The slopes show the rate of
weight loss with each treatment length for the various ages and body weights, using our
predictive equation, above. The rate of weight loss increases in a linear fashion with
increasing age and initial body weight.

A similar strategy was employed for Figure 3, showing the effect of energy deficit (Figure
3) on the rate of weight loss in hypothetical 45-y old, 95-kg individuals. Dietary counseling
was set at weekly sessions. The rate of weight loss increased with increasing caloric deficit
but the relationship was not proportional.

DISCUSSION

This study shows that several factors must be taken into consideration when projecting a rate
of weight loss with dietary restriction. Our prediction equation shows that a prescribed 3500
kcal/wk does not necessarily result in a weight loss of 0.5 kg/wk. Factors such as the
individual’s initial body weight and age, the frequency of dietary counseling, prescribed
energy deficit, and study length all impact on the actual rate of weight loss that one can
predict. Our findings, based on previously published weight loss studies, show that the
predicted rate of body weight loss that can be expected increases with increasing initial body
weight, subject age, and prescribed energy deficit as well as frequency of dietary counseling.
Furthermore, the predicted rate of weight loss decreases with increasing study length.

Our findings that initial body weight positively impacts the rate of weight loss is in
agreement with previous studies that found a positive association between weight loss and
baseline body weight (6, 43). These observations suggest that heavier individuals may
reduce their energy intakes by levels that are closer to those prescribed resulting in improved
adherence to the energy deficit prescribed, or reduce their intakes to a greater extent than
expected or advised. Energy reductions may be easier to implement when starting intakes
are higher and therefore the quantity of food may not be perceived to be very small.

Age was also a significant variable in predicting the rate of weight loss with diet. It was
previously observed that older individuals tend to lose more weight on a weight loss diet
compared to younger individuals (S. Heshka, personal communication) and this may be due
to greater compliance by more mature adults. This is supported by data by Fabricatore et al.
who reported that older age was predictive of lower attrition in a weight loss study (5).
Although we hypothesize that compliance may be improved in older adults compared to
younger adults, compliance is difficult to assess in dietary weight loss counseling and is
typically assumed by the weight loss achieved. Greater weight loss during dietary
counseling is typically taken to reflect a greater adherence to dietary guidelines set forth by
the dietitian.

Of potential relevance is also the observation that older individuals tend to have less food
cravings and report craving fewer foods than younger individuals (44). This may improve
their compliance with dietary restrictions. In addition, age-related weight loss may partially
account for the observed association noted in this study. Das et al. examined the influence of
age on regulation of resting energy expenditure (REE) at weight maintenance and after
weight loss (45). Changes in REE following underfeeding were compared between young
normal weight men and women, young overweight men and women, and older men and
women. The REE response to weight change was significantly attenuated in the older
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subjects as compared to the others groups. Specifically, the decrease in REE during
underfeeding was smaller in older subjects as compared to young subjects and the absolute
decrease in REE was reduced in older subjects relative to body weight loss. These results
support our finding that the rate of weight loss is greater in older relative to younger
individuals.

A linear correlation between prescribed energy deficit and weight was loss was
demonstrated and exemplified in Figure 4. As long as energy expenditure exceeds energy
intake weight loss will result. By prescribing larger energy deficits, the likelihood of
reaching the point where energy expenditure surpasses energy intake is increased and, thus,
a greater rate of weight loss will be more likely. Additionally, prescribing larger energy
deficits allows for subjects to be slightly noncompliant and still achieve sufficient calorie
reduction to produce weight loss. In a meta-analysis of very-low calorie diets (<800kcal/d),
Tsai et al. (46) reported that very low calorie diets induced significantly greater short term
weight loss when compared to conventional low calorie diets. However, this is in contrast to
data by Del Corral et al. who reported that greater severity of caloric restriction was related
to lower dietary adherence, suggesting that moderate calorie restriction relative to energy
needs would be preferable for dietary adherence (47).

Frequency of counseling was also positively predictive of the rate of weight loss. One
possible explanation for this finding may be the accountability that is expected from the
subjects when they discuss their progress with a dietitian. In addition, contact with a
dietician frequently could help to discern subjects who are not complying with the diet
sooner and correct their energy intakes to achieve the expected rate of weight loss. This
phenomenon of intervention associated with successful weight loss has been previously
described by Raatz et al. (48) who reported that weight loss was significantly correlated with
attendance to registered dietitian-instructed classes but not with attendance at weigh-in visits
without a registered-dietician present.

Our observation that the rate of weight loss decreases as the study length increases may be
due to a reduction in compliance with the caloric restriction and dietary modifications
imposed by the weight loss program as the study extends in length. This was observed by
Brinkworth et al. (49) who found that neither a low-fat nor a low-carbohydrate dietary
pattern for weight loss was maintained at 1 y of the research study. Furthermore, this may be
by compounded by a lack of adjustment to the lower energy requirements associated with a
reduced body weight, which may become increasingly apparent as the study increases in
length and subjects lose more weight. Metabolic adaptations have been observed previously
in weight loss studies which show that these adaptations act to oppose the weight change
obtained (2). For example, using the Harris-Benedict equation with an activity factor of
1.35, an 80-kg, 165-cm, 55-yr old women would require 1980 kcal/d to sustain her body
weight. As this person loses weight, her energy requirements decrease such that, at 75 kg,
she should consume 1915 kcal/d, a difference of 65 kcal/d. Although seemingly negligible,
over time, this reduction in energy requirement can affect the rate of weight loss if caloric
intake is not reduced accordingly. Furthermore, our observation that weight loss decreases
as study length increases is supported by Sacks et al., who randomly assigned 811
overweight adults to one of four diets with different compositions of fat, protein, and
carbohydrates: 20,15, and 65%; 20, 25, and 55%; 40, 15, and 45%; and 40, 25, 35% (50). At
6 mo, participants in each group had lost an average of 6 kg. However, all groups began to
gain weight after 12 mo and continued to do so. At 2 y, weight loss in the 15% protein group
was 3.0 kg, 25% protein group 3.6 kg, and both the 65% and 35% carbohydrate groups lost
3.3 kg.
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Nevertheless, the longer weight loss duration compensates for the lower rate of weight loss
such that there is still greater weight loss over a longer weight loss program compared to a
shorter weight loss program. Using our predictive equation, we calculated the rate of weight
loss with an 8-week weight loss period in a 45-y old prescribed a 3500 kcal/wk deficit to be
-0.66 kg/wk. The rate of weight loss for a 16-week study is -0.52 kg/wk. However, total
weight loss during the 8-week study would be 5.3 kg compared to 8.3 kg for the 16 week
study.

A strength of our analysis was that we found many published studies with a wide range of
baseline BMI, age, and length to examine the impact of these factors on rate of weight loss.
However, we are limited in the number of men included in these studies and the factors on
which studies reported. Other factors that impact the rate of weight loss, such as state of
change or motivation to lose weight, were not considered in our analyses. The degree to
which the rate of weight loss is affected by the inclusion of these other factors in a model
estimate is uncertain. Moreover, the impact of exercise on rate of weight loss was difficult to
assess because of the limited details provided in most studies. Therefore, our predictive
equation may not be so applicable to men and may underestimate the rate of the weight loss
that can be achieved with dietary weight loss counseling. However, Williamson et al.
reported that dietary adherence had a lesser predictive value on weight loss than behavioral
adherence (4) and the factors included here tended to reflect behavioral rather than dietary
adherence. In addition, our study included only published observations, which could have
introduction some publication bias.

CONCLUSIONS

Finally, our data provide important information concerning participant and intervention
characteristics that are associated with rate of weight loss. Specifically, one must take a
person’s age, initial body weight, and study length into account when prescribing a caloric
deficit for weight loss. Older adults with a greater body weight can be predicted to lose
weight at a faster rate than younger, lower-weight adults, and this rate is diminished as the
length of the study increases. Although we realize that each situation is unique in clinical
practice, our results provide clinicians, dietary counselors, and weight loss researchers an
empirical tool with which to estimate the rate of weight loss that can be expected given a
fixed prescribed caloric deficit, study length, frequency of dietary counseling, and individual
characteristics. In addition, agencies and groups developing guidelines may need to take
several factors, such as population age and starting body weight, into consideration when
formulating a suggested caloric deficit. This would lead to more realistic expectations
regarding the obtained rate of weight loss.
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Figure 1. Rate of weight loss can be predicted by patient characteristics and intervention
strategies

Effect of age on the rate of body weight loss. This figure depicts a hypothetical 95-kg
individual undergoing weekly dietary counseling to reduce intakes by 3,500 kcal/wk for a
period of 16 weeks.
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Figure2.

Effect of initial body weight on the rate of body weight loss. This figure depicts a
hypothetical 45-y old individual undergoing weekly dietary counseling to reduce intakes by
3,500 kcal/wk deficit for a period of 16 weeks.
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Figure 3.

Effect of prescribed caloric deficit on the rate of body weight loss. This figure depicts a
hypothetical 45-y old individual, weighing 95 kg, undergoing weekly dietary counseling for
a period of 16 weeks.
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Results of the linear regression model of the predictive variables for rate of weight loss.

Table 1

Parameter Estimate Standard Error  P-value
Intercept 2.0738 0.4540 <0.0001
Length, wk 0.01775 0.002547 <0.0001
Counseling sessions/wk  -0.08964 0.03735 0.0197
Deficit, kcal/wk -0.00005719  0.00001297 <0.0001
Age, y -0.06398 0.01979 0.0020
Age x age, y2 0.0005568 0.0002002 0.0073
Initial body weight, kg -0.008814 0.002293 0.0003
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