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SUMMARY

Background: Orlistat treatment of obesity results in a
poor long-term weight loss (< 5%) in about 30% of
patients.
Aim: Total energy and macronutrient intake were
examined to assess the effect of a change in eating
habits on weight loss.
Methods: Sixty-two patients consumed a hypocaloric diet,
together with orlistat (3 · 120 mg/day), for 72 weeks,
with a maximal fat allowance of 30% of the energy
intake. At regular intervals, food diaries were recorded.
Results: Fifty-six patients completed the study and lost
8.5 ± 0.88 kg (P < 0.001). Energy intake was
! 1500 kcal/day during the entire study period. In

three sub-groups established according to weight loss
(1, < 5%; 2, > 5% and < 10%; 3, > 10%), fat intake
was within the recommended range in all groups during
the first 6 months, but thereafter only in group 3. All
groups increased their carbohydrate consumption, with
the greatest increase in group 1, which could account
for the rapid regain of initially lost body weight in this
group.
Conclusion: At the beginning of a weight management
programme in conjunction with orlistat, a low fat intake
is advised for an efficient reduction in body weight.
Subsequently, in patients with poor long-term weight
loss, dietary recommendations must also consider
carbohydrate restriction to ensure an adequate hypo-
caloric diet.

INTRODUCTION

Obesity is a major global public health problem,1 with
an increasing prevalence virtually throughout the
world.2, 3 Excess body weight has a substantial
impact on morbidity and mortality, mainly due to
cardiovascular diseases and some forms of cancer.1, 4

A modest weight loss of 5–10% has been shown to
improve cardiovascular risk factors and co-existing
disorders.5–7

Most weight loss programmes can produce acute
weight loss, but the long-term maintenance of reduced
body weight, even after very intensive treatment

programmes, is much more difficult and is still a
major challenge in medicine.8, 9 Modern concepts of
obesity treatment favour a multi-modal approach
comprising a hypocaloric diet together with a change
in eating behaviour, increased physical activity and
support by specific drug treatment. Such combinations
of therapeutic efforts have been shown to effectively
induce weight loss during the initial 6–9 months of
therapy, followed by a period of largely stable body
weight.10–12

Modification of the eating behaviour aims to reduce
dietary fat intake while increasing the amount of
complex carbohydrates and fibres. The latter should
provide the volume of a meal necessary for gastric
distension and the activation of satiety signals.13–16

Fat, on the other hand, provides a high energy
intake with little or no satiety,17 and tends to be
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over-consumed by obese subjects due to its greater
palatability.18

As obese subjects can lose weight when focusing on
dietary fat intake, without attempting to reduce total
calories,19–21 low fat ad libitum carbohydrate diets have
been promoted as weight loss programmes,22–24 in
combination with moderate exercise and behaviour
modification. On the other hand, it has been shown that
the efficacy of such regimens is attenuated in part by
carbohydrate over-consumption.25

Orlistat, an inhibitor of pancreatic lipase activity,
reduces energy uptake by the impairment of intestinal
fat digestion26 and improves weight loss and co-existing
co-morbidities, such as type 2 diabetes mellitus and
hyperlipidaemia. In all studies, orlistat treatment has
been shown to be superior to placebo, but nevertheless
approximately 30% of orlistat-treated patients show a
fairly poor response (i.e. less than 5%weight loss). 12, 27–32

Accordingly, it was the aim of the present study to
examine the effect of changes in the intake of total
energy and macronutrients during an 18-month weight
management programme in conjunction with orlistat
(3 · 120 mg/day) on long-term weight loss.

METHODS

Patients

Obese women and men (body mass index, 30–40
kg/m2), aged 18–70 years, were eligible for inclusion.
Recruitment was by local advertising in three cities in
Germany. Women of child-bearing potential were
included if they were using adequate contraception.
Patients were excluded if they were pregnant, lactating

or if they had any clinically relevant condition that
might affect the outcome of the study, such as
psychiatric disorders, gall-bladder or pancreatic disease,
chronic gastrointestinal, cardiac or renal diseases, or
uncontrolled hypertension.
Other exclusion criteria were weight loss of > 4 kg

within 3 months before screening, surgery for weight
reduction, a history of bulimia or laxative abuse,
consumption of drugs that might affect body weight
during the 4 weeks prior to study initiation and drug or
alcohol abuse.
The study conformed with the Declaration of Helsinki.

The ethics committees of all centres approved the
study and all participants gave informed written
consent.

Study design

This multi-centre open trial was conducted in three
centres in Germany. At the beginning of the 4-week
run-in period, patients were prescribed a hypocaloric
diet based on 30% energy as fat. The energy content of
the diet was calculated from the patient’s estimated
basal metabolic rate, multiplied by 1.3 to estimate the
total daily energy expenditure.33 From this value,
600 kcal/day was subtracted to obtain a mildly hypo-
caloric diet and 30% of this energy content was
recommended as the maximal daily fat intake. The
minimum energy content was 1200 kcal/day. Patients
were told to control their fat intake, but carbohydrate
and protein consumption was ad libitum.
At weeks 24, 36 and 48, the recommended fat intake

was adjusted according to the weight loss-induced
reduction of the resting metabolic rate.34

After the 4-week run-in period, during which patients
received placebo three times a day with meals, orlistat
(3 · 120 mg) was given with meals for the following
72 weeks.
All participants completed a 4-day food diary, inclu-

ding at least one weekend day, at weeks ) 4, ) 2, 0, 12,
24, 36, 48 and 64.
All dietary protocols were calculated at a fourth centre.

The fat content of each protocol was passed to the
respective physicians at the three treatment centres, but
all other details of the protocols, such as total calories
and protein and carbohydrate consumption, remained
unknown to the patients and physicians for the
duration of the study.
At the beginning of the study and in eight subsequent

sessions at 4-week intervals, patients participated in a
group weight management programme that empha-
sized previous individual problems, pathogenesis of
obesity, modification of eating habits, augmentation of
physical activity, psychological and social factors and
prevention of relapse.

Data analysis

Data were analysed for those patients who completed
the entire study, with sub-groups generated according
to final weight loss. An intention-to-treat analysis of
food protocols is rather meaningless. All data are
expressed as the mean ± S.E.M.
Dietary protocols were calculated with the program

prodi 4.5 Expert (Kluthe, Freiburg, Germany).
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Cumulative data on food intake were calculated from
week 0 to week 72 as the difference from the baseline
intake, which is the mean value of the protocols at
weeks ) 4 and ) 2. The calculation is based on the
assumption that the food intake recorded during the
4 days following the visit to the study centre reflects
the eating habits until the next food diary. Accord-
ingly, the cumulative food intake at week 12 was
based on the food intake recorded after the visit at
week 0, and so on.
For statistical evaluation, analysis of variance was

employed for comparison between groups and t-test for
paired data for comparison within groups. Values of
P < 0.05 were considered to be significant.

RESULTS

Sixty-two patients entered the 4-week run-in period.
Two patients dropped out during this initial period, so
that 60 patients entered the orlistat treatment phase.
Subsequently, two patients were excluded because of
non-compliance and two patients dropped out due to
adverse events.
The 56 patients who completed the study (Table 1)

showed a reduction in body weight from a mean value

of 100.8 ± 3.5 kg to 98 ± 3.6 kg during the 4-week
run-in period.
After 6 months, the body weight reached a plateau

which was maintained fairly stable during the remain-
der of the study period. The total weight loss was
8.5 ± 0.88 kg (P < 0.001) for all patients, which
corresponded to a decrease of 8% of the initial body
weight (Figure 1).
According to the food protocols following the initial

dietary advice at the start of the run-in period at week
) 4, energy intake was approximately 1520 kcal/day,
with only small and non-significant perturbations at
weeks ) 2 and 24 (Figure 2).

Sub-group analysis

To obtain more detailed information about the
patients’ food intake in relation to the degree of weight
loss, the study population was divided into three
groups based on weight loss: group 1, < 5%; group 2,
between 5 and 10%; group 3, > 10%. The demo-

Table 1. Characteristics of the patients who completed the study
(mean ± S.E.M.)

Number 56
Sex (female/male) 39/17
Age (years) 43.9 ± 10.4
Weight (kg) 100.8 ± 3.5
Body mass index (kg/m2) 35.5 ± 0.7
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Figure 1. Mean percentage weight loss from the start of the run-
in phase to the 72-week examination (mean ± S.E.M., n " 56).
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Figure 2. Daily food intake as calculated from the food protocols.
Each point represents the mean value ± S.E.M. of four consecutive
daily protocols in each of the 56 patients.

Table 2. Patient characteristics in the three sub-groups according
to final weight loss (mean ± S.E.M.)

Group 1
(< 5%)

Group 2
(> 5%, < 10%)

Group 3
(> 10%)

Number 21 15 20
Sex (female/male) 15/6 11/4 13/7
Age (years) 45.1 ± 9.2 42.8 ± 9.9 43.6 ± 11.2
Weight (kg) 98.4 ± 3.2 103.4 ± 3.8 101.6 ± 3.1
Body mass

index (kg/m2)
35.2 ± 0.6 35.9 ± 0.83 35.3 ± 0.59
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graphic data of the three groups showed no substantial
differences (Table 2).
Figure 3 illustrates the change in body weight in the

three groups. In group 1, a weight loss of 6% occurred
at week 28 and decreased steadily thereafter to 3% at
week 72, which nevertheless was still significantly
lower than the initial weight (P < 0.001). Group 2 lost
approximately 6% at week 12 (P < 0.02 vs. group 1).
The maximal weight loss of 8% was reached at week 24
and this plateau was maintained thereafter.
In group 3, the weight loss was more rapid during the

run-in period. At week 0, there was a significantly
greater effect compared with the other two groups
() 3.5 ± 0.3 kg vs. ) 2.3 ± 0.4 kg in group 2 and
) 2.1 ± 0.4 kg in group 1; P < 0.01). These patients
showed a progressively smaller but continuous decrease
in body weight during the entire study period (Figure 3).
During the run-in period, the recommended fat intake

was between 52 and 60 g/day in the three groups,
decreasing further to a range of 44–51 g/day during
the second half of the study according to weight
reduction. Fat consumption in groups 1 and 2 was
close to or within the recommended range until week 24.
However, after the weight loss-induced adaptation of
the hypocaloric diet, the fat intake was between 51 and
57 g/day which was more than the recommended
amount. Only group 3 reduced the fat intake
(36–45 g/day) below the recommended quantities dur-
ing the entire study period.
Baseline carbohydrate intake was 172 g/day (group

1), 190 g/day (group 2) and 162 g/day (group 3). All
groups increased their consumption. In group 1, the
maximum was reached at week 48 with 208 g/day. In

group 2, a plateau of between 195 and 200 g/day was
maintained, whereas, in group 3, carbohydrate con-
sumption was increased to 170–185 g/day.
Baseline protein intake was fairly constant in all three

groups at between 64 and 66 g/day. In group 1, protein
intake increased slightly to 67–70 g/day, group 2
showed a fairly constant intake around baseline
levels, and group 3 decreased their protein intake to
56–60 g/day towards the end of the study period.
Cumulative carbohydrate intake increased in all three

groups, being most pronounced in group 1 (Figure 4).
The pattern of cumulative energy uptake paralleled
the carbohydrate intake in groups 1 and 2, whilst the
energy intake of group 3 remained at the level of the
run-in period for the following 72 weeks (Figure 4).
Figure 5 shows that groups 1 and 2 remained fairly
stable with regard to fat and protein intake, whilst
group 3 showed a substantial cumulative reduction of
fat consumption in comparison with the initial run-in
period.
The difference of 30 000 kcal of cumulative energy

intake between groups 1 and 2 is mainly due to greater
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Figure 3. Mean percentage weight loss in the three sub-groups
according to the final weight loss at week 72 (mean ± S.E.M.;
group 1: < 5%, n " 21; group 2: > 5% and < 10%, n " 15;
group 3: > 10%, n " 20).
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Figure 4. Mean cumulative intake of total energy and carbohy-
drates in the three groups of patients with different final weight
losses. The data represent the difference from the mean value of
the food protocols recorded at weeks ) 4 and ) 2, respectively.
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carbohydrate consumption, with only a minor contri-
bution from fat intake. This amount of energy is
equivalent to approximately 4 kg of body fat. It is
noteworthy that this corresponds to the difference in
weight loss at the end of the study period.
Patients in group 3 maintained their energy intake at

the level of the run-in period. The substantial early
reduction of energy intake below the calculated hypo-
caloric recommendation was carried forward, which
largely explains the continuous weight loss in this
group. The difference in body weight compared with
group 1 is mainly due to the lower fat consumption
() 36 000 kcal), with a small contribution from the
lower protein intake () 8000 kcal) and a smaller degree
of increased carbohydrate intake (+ 32 000 kcal vs.
+ 48 000 kcal).

DISCUSSION

The present study demonstrates that the weight loss of
8% in the entire study population is within the range
previously reported in similar weight reduction

trials.10, 12, 27–32 In comparison with previously
published data on orlistat-supported weight loss,12

improvement in the maintenance of the initially
reduced body weight was accomplished in the present
study. This is most probably due to the adaptation of the
caloric intake to the weight loss-induced reduction in
the resting metabolic rate,34 which has also been
employed in two recently reported studies.10, 30

Following the initial dietary advice immediately prior
to the start of the run-in period, the average energy
intake of all patients was approximately 1500 kcal/day,
which was sufficient to lose weight during the first
6 months. Thereafter, this energy content of consumed
food permitted at least weight maintenance. Consider-
ing the reported fat intake, concomitant orlistat treat-
ment can account for an energy deficit of
150–180 kcal/day via faecal fat excretion, which is
equivalent to a cumulative deficit of 7–8 kg body fat
per year. It should be noted, however, that such an
‘energy balance’ must be interpreted with caution, as no
measured data on the basal metabolic rate are available,
and it is based on a fairly constant energy expenditure,
which was evaluated qualitatively in this study from
reports of physical activity during the regular visits at
the study centre.
The present analysis of food diaries suggests that the

educational programme with a focus on low fat intake
was successful, as all groups adhered to their fat
allowance at least during the first 6 months.
However, after adaptation of the fat allowance as

the result of the initial weight loss, only one-third of
patients strictly adhered to these lower margins.
Nevertheless, no group increased their fat consump-
tion above the initial recommendation during the
entire study period. This may have been reinforced
by the concomitant orlistat treatment, as a substan-
tial increase in fat intake would have been followed
by steatorrhoea and related gastrointestinal side-
effects.36

Similar to previous studies,12, 27–32 one-third of the
study population (group 1) was not capable of reducing
their body weight consistently during the entire study
period. Analysis of the dietary recordings demonstrates
that the recommendation of ‘ad libitum carbohydrate’
leads to an over-consumption that prevents the main-
tenance of reduced body weight (group 1). Only those
patients who were capable of decreasing their fat intake
substantially below the initially recommended quanti-
ties reduced and maintained their body weight
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Figure 5. Mean cumulative intake of fat and protein in the three
groups of patients with different final weight losses. The data
represent the difference from the mean value of the food protocols
recorded at weeks ) 4 and ) 2, respectively.
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successfully, despite an increase in carbohydrate intake,
as seen in group 3.
Although the training programme of eating behaviour,

together with orlistat support, limits fat intake success-
fully, problems can arise from carbohydrate over-
consumption. This does not mean that the focus on
fat should be abandoned and a return to counting total
calories will solve the problem. The present data clearly
confirm that the initial focus on fat is successful and
certainly facilitates the adherence to a hypocaloric diet.
With ongoing treatment, and in patients with a small
weight loss and/or a regain of body weight, carbohy-
drate intake may be a deleterious source of energy that
shifts an initially sufficiently hypocaloric diet to a more
or less eucaloric or even slightly hypercaloric state.
Thus, the so-called ‘bad or non-responders’ of the
previous studies could at least in part be due to a
progressively increasing carbohydrate consumption up
to an energetically relevant amount. In view of the
overall low energy requirements during the mainten-
ance phase of treatment, a positive energy balance of
100–200 kcal/day can easily be obtained even with
fairly small quantities of complex carbohydrates having
an energy density of 1.4–2.0 kcal/g (i.e. bread, pasta).
Such a small but constant over-consumption, if not
counterbalanced by increased energy expenditure, will
account for several kilograms of weight gain per year.
Thus, education programmes on eating behaviour

should not focus solely on fat intake when the loss of
body weight has reached a plateau or weight gain
returns. In these patients, limitations of carbohydrate
intake may be necessary (especially when further
reduction of fat intake is not compatible with their
eating habits) for the therapeutically important long-
term success of weight reduction.
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