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Summary
Effective strategies are needed to help individuals lose weight and maintain weight
loss. The primary aim of this study was to investigate the effect of intermittent
energy restriction (IER) compared to continuous energy restriction (CER) on
weight loss after 8 weeks and weight loss maintenance after 12 months. Secondary
aims were to determine changes in waist and hip measurements and diet quality.
In a randomized parallel study, overweight and obese (body mass index
[BMI] ≥ 27 kg m−2) women were stratified by age and BMI before randomization.
Participants undertook an 8-week intensive period with weight, waist and hip
circumference measured every 2 weeks, followed by 44 weeks of independent
dieting. A food frequency questionnaire was completed at baseline and 12
months, from which diet quality was determined. Weight loss was not significantly
different between the two groups at 8 weeks (−3.2 ± 2.1 kg CER, n = 20,
−2.0 ± 1.9 kg IER, n = 25; P = 0.06) or at 12 months (−4.2 ± 5.6 kg CER, n = 17
−2.1 ± 3.8 kg IER, n = 19; P = 0.19). Weight loss between 8 and 52 weeks was
–0.7 ± 49 kg CER vs. −1 ± 1.1 kg IER; P = 0.6. Waist and hip circumference
decreased significantly with time (P < 0.01), with no difference between groups.
There was an increase in the Healthy Eating Index at 12 months in the CER
compared with the IER group (CER 8.4 ± 9.1 vs. IER −0.3 ± 8.4, P = 0.006). This
study indicates that intermittent dieting was as effective as continuous dieting over
8 weeks and for weight loss maintenance at 12 months. This may be useful for
individuals who find CER too difficult to maintain.
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Background

Effective strategies for weight loss are needed given the
health problems associated with overweight and obesity
(1,2). Intermittent energy restriction (IER) as a method of
weight loss has recently received attention in the popular
press and the scientific literature (3–6). A review of studies
reports an equal effect on weight loss when using alternate-
day fasting (ADF), i.e. fasting for 24 h followed by 24 h ad
libitum eating compared with continuous dieting (3). In a
12-week study in normal weight and overweight partici-

pants, ADF was effective in achieving weight loss of
approximately 5 kg relative to controls who ate ad libitum
(7). ADF has been shown to be effective in achieving weight
loss of approximately 5 kg under both controlled and self-
implemented conditions in obese subjects over 10 weeks,
suggesting that it is a viable strategy to help obese individ-
uals lose weight (8).

In people with type 2 diabetes, IER using a very-low-
calorie diet (VLCD) achieved more weight loss than stand-
ard therapy over 20 weeks (9). A different strategy was
used in the study, i.e. either a VLCD for 1 d week−1 for 15
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weeks or for 5 consecutive days every 5 weeks. Harvie et al.
found that energy restriction (ER) on 2 d week−1 using a
VLCD or continuous energy restriction (CER) were equally
effective in achieving weight loss at 6 months (4). Similarly,
in a 4-month study, Harvie et al. found that IER for
2 d week−1 using energy and carbohydrate (CHO) restric-
tion was more effective than daily ER for weight loss (10).
To our knowledge, the effects of IER using a ‘week-on,
week-off’ strategy have not be investigated. The aim of this
study was to investigate the effects of an intermittent
energy restricted diet using a ‘week-on, week-off’ strategy
compared to CER on weight loss over 8 weeks and weight
loss maintenance at 12 months in healthy overweight to
obese women. We hypothesized that those on the intermit-
tent dietary pattern would achieve comparable weight loss
maintenance at 12 months compared to those on the con-
tinuous diet pattern. Secondary aims were to determine
changes in waist and hip measurements and diet quality.

Study design

A parallel, randomized control trial was used to compare a
continuous energy restricted diet (every day = CER) with
an intermittent energy restricted diet (one week ‘normal’
diet followed by 1-week energy restriction = IER). Partici-
pants were recruited from the general population via flyers
posted in public places or by advertisement in local news-
papers and radio. We recruited overweight or obese (body
mass index [BMI] above 27 kg m−2) women aged 18 years
and older. Participants reported being healthy or having
type 2 diabetes managed by diet (n = 1). Participants who
reported previous surgery for weight loss were excluded.

Participants were divided into two groups according to
age and BMI and allocated 1:1 to treatments using com-
puterized random number generation.

The study was approved by the University of South
Australia’s Human Research Ethics Committee and regis-
tered with the Australia New Zealand Clinical Trial
Registry registration number ACTRN12612000197831.
Participants gave written informed consent.

Dietary intervention

Ninety-eight women were screened for eligibility and 75
randomized into either CER or IER (Fig. 1). Both groups
followed an energy restricted diet based upon the ‘Total
Wellbeing Diet’ portion and recipe system from the
Commonwealth Scientific and Industrial Research Organi-
sation (CSIRO) (11,12). The two groups attended the
research centre every 2 weeks for 8 weeks and for a
follow-up visit at 52 weeks. Subjects were asked to con-
tinue their allocated strategies from week 8 to week 52 but
did not attend the research centre during this time. The IER
group followed a 5500-kJ ER for 1 week, followed by 1

week of their usual diet. The CER group followed a
5500-kJ ER continuously for the duration of the study.
Both groups were instructed to keep exercise constant over
the 12-month period.

The Cancer Council of Victoria’s online food frequency
questionnaire (FFQ) was completed at baseline to show
usual nutritional intake and repeated at 12 months to
assess changes in nutritional intake over time (13).

Long-term compliance to diet was assessed using a ques-
tionnaire asking about adherence to diet and reasons for
adhering or not adhering to the allocated diet.

Outcome measures

The primary outcome of this study was weight change at 12
months. Waist and hip circumferences and diet quality
scores were secondary outcomes.

Height and weight were measured at the initial visit and
BMI was calculated (weight [kg]/height [m2]). Height was
measured to the nearest 0.1 cm at baseline using a SECA
240 mechanical measuring rod (Hamburg, Germany).
Weight was measured at all visits (2 weeks apart for 8
weeks and at 12 month). Measures were taken to the
nearest 0.05 kg using a SECA 703 electronic scale. Subjects
were asked to remove shoes prior to both measurements.
Although subjects were not given pre-measurement instruc-
tions regarding fluid and food intake, effort was made to
measure weight at approximately the same time each visit.
Waist and hip circumferences were measured at baseline, 8
weeks and 12 months. Both measurements were taken over
thin clothing. The waist circumference was measured at the
midpoint between the lower margin of the last palpable rib
and the top of the iliac crest. Hip circumference was meas-
ured around the widest portion of the buttocks, with the
tape parallel to the floor. A standard measuring tape was
used to obtain measures to the nearest millimetre and each
measurement was taken in duplicate and averaged.

Diet quality was calculated according to the Healthy
Eating Index (HEI) and the Australian Recommended Food
Score (AFRS), as previously defined (14,15). Briefly, the
HEI is modelled on the Dietary Guidelines for Americans
and assesses intake based upon the following 10 compo-
nents: grains, fruit, vegetables, dairy, meat, total fat (per-
centage of total energy), saturated fat (percentage of total
energy), cholesterol, sodium and diet variety according to
age and gender. The maximum score attainable in the HEI
is 100. The following scoring system has been developed
for the HEI: >80, ‘good’ diet; 51–80, ‘needs improvement’;
<51, ‘poor’ diet (16). The ARFS is based upon the Austral-
ian Dietary Guidelines (2003) and Australian Guide to
Healthy Eating (1998). Scoring is based upon the frequency
of consumption, rather than reported quantities, of fruits,
vegetables, protein foods, grains, dairy, fats and alcohol.
The maximum score for the AFRS is 74.
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Statistical analysis

All data were analysed using SPSS (IBM SPSS Statistical
Software version 21.0 for Windows (SPSS Inc., Chicago,
IL, USA). Tables and graphs were generated using
Microsoft Excel 2010 for Windows (Microsoft Inc.). All
data were tested for and showed normal distribution. Inde-
pendent samples t-test was used to analyse differences at
baseline. Differences between diet groups at baseline were
measured using independent samples t-tests. Change over
time, differences between treatments and time by treatment
interactions were tested using repeated-measures analysis
of variance (anova). Analysis of covariance (ancova) with
baseline as covariate was used to adjust for baseline vari-
ance. Pearson’s product moment correlations were used to
analyse correlations between the planned outcomes and age
and BMI at baseline. Linear regression was used to deter-
mine whether diet quality predicted weight loss after
adjustment for known predictors. Data presented are for

the women who completed the 8-week supported period
(CER n = 20 and IER n = 24) and those women who com-
pleted all 12-month intervention (CER n = 17 and IER
n = 19). Data are presented as mean ± standard deviation
(SD). Missing data for the latter group were limited to two
women missing the 8-week visit; to obtain 8 weeks weight,
waist circumference, hip circumference, waist to hip ratio
and BMI, the data from the 6 weeks visit were carried
forward. Using the SD of 2.5 kg from a previous study
(using 8-week data from this cohort (12)), we would have
80% power (P < 0.05) to see a clinically significant differ-
ence of 2 kg, with 27 participants in each group. The two
groups were randomized using Microsoft Excel random
number after being blocked according to age and BMI.

Results

Seventy-five women were recruited for this study, 65 com-
menced and 44 completed the 8-week intensive weight loss

Assessed for eligibility (n = 98)

Excluded (n = 23)
Did not meet inclusion criteria (n = 2)
Declined participation (n = 21)

Randomized (n = 75)

Allocation

Continuous dieting (n = 36) Intermittent dieting (n = 39)

Follow-up Withdrew consent (n = 6)

Received allocated intervention (n = 30) 

Discontinued intervention (n = 10) 

(7 lost to follow-up, 1 not eligible (BMI), 1 due to time 

restraints & 1 for personal reasons)

Withdrew consent (n = 3) 

Received allocated intervention (n = 35)

Discontinued intervention (n = 11)

(7 lost to follow-up, 3 for unrelated personal 

reasons, 1 went overseas)

Analysis 12 months

Analysed (n = 17)
Excluded from analysis (n = 0)

(2 were lost to follow-up & 1 due to 
time restraints)

Analysed (n = 19)
Excluded from analysis (n = 0)

(5 were lost to follow-up & 1 for 
unrelated personal reasons)

Analysis 8 weeks 

Analysed (n = 20) Analysed (n = 25)

Figure 1 Participant flow diagram.
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period (20 CER and 24 IER) and 36 completed the unsup-
ported follow-up period and were included in the analysis
(17 CER and 19 IER; participant flow diagram is presented
in Fig. 1).

Baseline characteristics

There were no significant differences between groups at
baseline for age, height, weight, BMI, waist and hip cir-
cumference; however, waist to hip ratio was significantly
higher in the intermittent dieting group (P < 0.01; Table 1).
Baseline data for volunteers who discontinued the study
were compared to baseline data for the completers. Women
who discontinued the study were younger (∼53 years vs. 60
years; P = 0.018) and had a higher waist to hip ratio (0.9
vs. 0.8; P = 0.017). All other baseline variables were
similar.

Weight loss

There was no significant difference in weight between
groups at baseline (Table 1). Weight decreased significantly
with time (P < 0.001). Weight loss did not differ signifi-
cantly between groups for the women who completed 8
weeks of intensive intervention (−3.2 ± 2.1 kg in CER com-
pared to −2.0 ± 1.9 kg in IER; n = 44; P = 0.063). In the
women who returned for the 12-month follow-up visit,
mean weight loss at 8 weeks was significantly higher in
CER (n = 17; −3.5 ± 1.9 kg) compared to IER (n = 19;
−1.9 ± 1.8 kg; P = 0.02). At 12 months, there were no
longer significant differences in weight loss between groups

(−4.2 ± 5.6 kg CER and −2.1 ± 3.8 kg IER; P = 0.19).
Weight loss between 8 and 52 weeks was −0.7 ± 49 kg CER
vs. −1 ± 1.1 kg IER; P = 0.6).

At 8 weeks, women in the CER (n = 20) diet group had
lost a mean of 3.5 ± 2.4% (range −8.5, +1.6%) body
weight and the IER (n = 24) had lost a mean of 2.4 ± 2.1%
(range −6.7, +2.6%) body weight (P = 0.10 between treat-
ments). At 12 months, the percentage weight loss in the
CER (n = 17) diet group was 4.2 ± 4.9% (range −16.7,
+1.3%) body weight and the IER (n = 19) had lost
2.3 ± 4.1% (range −10.2, +6.3%) body weight (P = 0.20
between treatments).

There were no significant correlations between weight
loss at 8 weeks and age, or weight at baseline. At 12
months, weight loss was significantly negatively correlated
with weight at baseline (r = −51 P = 0.001) but not age
(r = −19 P = 0.26). Change in HEI was significantly nega-
tively correlated with weight loss at 12 months after adjust-
ment for weight at baseline (r = −0.345; P = 0.049).

Waist circumference decreased significantly at the end of
the study with no time by treatment effect (−3.9 ± 3.9 and
−2.9 ± 4.1 cm in CER and IER, respectively).

The decrease in waist circumference between baseline
and 12 months was significant for time (P = 0.024)
but with no time by treatment interaction (−1.7 ± 5.6
and −2.1 ± 4.0 cm in CER [n = 17] and IER [n = 19],
respectively).

Hip circumference decreased with time with no
time by treatment interaction (−3.9 ± 3.9 and −3.0 ±
4.1 cm CER [n = 17] and IER [n = 19], respectively,
P < 0.01) and between baseline and 12 months (−3.9 ± 3.9
and −3.0 ± 4.1 cm in CER [n = 17] and IER [n = 19],
respectively). Waist to hip ratio did not change significantly
with time. Figure 2 shows the change in anthropometric
measures for the group who completed the study.

Nutrient composition measured by FFQ

Dietary intake and nutrient composition measured by FFQ
did not differ significantly between treatment groups at
baseline for either the group who completed 8 weeks (data
not shown) or the group who completed 12-month
follow-up (Table 1). At the end of the study, there was a
difference in protein intake between the groups (Table 2).
Diet quality as defined by the HEI (63 ± 11 vs. 69 ± 12,
CER vs. IER, P = NS) or the ARFS (35 ± 8 vs. 34 ± 6, CER
vs. IER, P = NS) did not differ significantly between the
treatment groups at baseline for those who completed the
12-month follow-up. There was a significant increase in
the HEI score over the 12-month intervention period in
the CER group compared to the IER group (8 ± 91 vs.
0 ± 8CER vs. IER; P = 0.01). The change in the HEI score
was attributable to an improvement in the saturated fat

Table 1 Baseline measures

Continuous
(n = 17)

Intermittent
(n = 19)

Age (years) 60.8 ± 12.5 59.5 ± 8.7
Height (m) 1.7 ± 0.1 1.6 ± 0.1
Weight (kg) 90.2 ± 18.8 86.9 ± 14.1
BMI (kg m−2) 33.0 ± 7.5 33.1 ± 3.8
Waist circumference* 97.4 ± 13.6 102.6 ± 11.2
Hip circumference 122.1 ± 12.9 118.4 ± 10.9
Waist/Hip ratio† 0.8 ± 0.1 0.9 ± 0.04
Energy (kJ) 7144 ± 2739 7160 ± 1766
Total fat (g) 70 ± 36 66 ± 18
Saturated fat (g) 27 ± 13 26 ± 8
Protein (g) 87 ± 27 91 ± 26
Carbohydrate (g) 163 ± 65 171 ± 51
Fibre (g) 20 ± 8 22 ± 7
Alcohol (g) 12 ± 16 10 ± 17

Data were analysed using independent samples t-test and given as
mean ± SD.
There were significant differences in waist circumference and waist to
hip ratio (*P < 0.05, †P < 0.01).
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component of the index (CER 3 ± 4 vs. IER 0 ± 3;
P = 0.03). There was no change in the ARFS.

The evaluation questionnaire was returned by 35 out of
36 volunteers at 12 months. It was reported that 24 women
(12 in each treatment group) had not adhered completely to
the diet for the 44 weeks between 8 weeks and follow-up
visit. Eleven volunteers reported continued dieting with the
allocated diet for the duration of the study (4 CER and 7
IER). When asked if they could see themselves continuing
on the allocated diet, 8 responded maybe or no (3 CER and

5 IER), the remaining 27 responded yes. The main reason
for not continuing with the diet was the lack of support
during the follow-up 44-week period.

Discussion

The main finding of this study was that intermittent dieting
using a week-on week-off approach appeared to be more
effective than continuous dieting in the short-term did and
was not different in promoting weight loss maintenance
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6.0

Week 8 12 months

cm

Change in waist circumference 

-9.0
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Week 8 12 months
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Change in hip circumference
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0.0
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4.0

Week 8 12 months

kg

Weight loss

CER n=17 IER n=19

Figure 2 Change in anthropometric
measures in subjects who completed the
study. Data are mean ± SD. Significant
decrease from baseline in all variables with
no effect of diet (P < 0.05).

Table 2 Change in diet from baseline to 12
months (FFQ) in the completers

Nutrients Groups Baseline 12 months P time P time by
treatment

Energy (kJ) CER 6671 ± 1989 6882 ± 2509 NS NS
IER 7048 ± 1620 6069 ± 1648

Fat (g) CER 63 ± 25 65 ± 30 NS NS
IER 66 ± 18 56 ± 19

Protein (g) CER 83 ± 22 97 ± 32 NS 0.05
IER 92 ± 26 78 ± 15

CHO (g) CER 156 ± 60 160 ± 65 NS NS
IER 165 ± 47 144 ± 50

Fibre (g) CER 19 ± 7 23 ± 9 NS NS
IER 21 ± 6 20 ± 7

Alcohol (g) CER 11 ± 15 5 ± 5 NS NS
IER 10 ± 16 9 ± 13

HEI CER 62 ± 10 71 ± 13 0.01 0.01
IER 69 ± 12 69 ± 12

ARFS CER 35 ± 8 35 ± 8 NS NS
IER 34 ± 6 35 ± 6

Data were analysed using repeated measures analysis of variance and given as mean ± SD.
Continuous energy restriction (CER), n = 16. Intermittent energy restriction (IER), n = 18.
AFRS, Australian Recommended Food Score; CHO, carbohydrate; HEI, Healthy Eating Index;
NS, not significant.
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after 1 year with a non-significant difference between the
diets of 0.6 kg from week 8 to week 52. However, the high
drop-out rate experienced early in the study may have
limited our ability to detect a statistical difference. Forty
percent of the drop-outs occurred between baseline and
week 8, thereafter only 8 of 44, i.e. 20% which is the usual
attrition seen in such studies (17).

The findings of our study are in agreement with a recent
review of 18 randomized controlled trials by Varady and a
randomized trial in young overweight women not included
in the review which reported ADF to be as effective in
decreasing body weight as continuous dieting (3,4).
However, the present study used a very different protocol
and the results cannot be directly compared. The weight
loss achieved after 8 weeks was less than that observed in
two studies using ADF for weight loss over 12 and 10
weeks, respectively (7,8). The difference in weight loss may
be due to the unstructured nature of the protocol.

Studies of IER use a wide variety of strategies, e.g. a
VLCD for 1 d week−1 for 15 weeks or for 5 consecutive
days every 5 weeks achieved more weight loss than stand-
ard therapy in people with type 2 diabetes or a VLCD in
place of food on 2 d week−1, which was equally effective as
CER in achieving weight loss at 6 months (4,9). IER for
2 d week−1 using energy and CHO restriction was also as
effective as daily ER for weight loss (25% ER) (10).

We found that waist circumference decreased signifi-
cantly with time in both groups, indicating decreased
abdominal fat mass associated with weight loss. This is in
agreement with previous studies, which have demonstrated
cardiometabolic benefits of IER (8,11,18–20).

Change in diet quality as defined by the HEI was corre-
lated with weight loss. Few studies have looked at change
in diet quality during weight loss intervention despite evi-
dence that diet quality may be compromised in weight loss
diets (21). Webber and Lee reported that diet quality, as
defined by the HEI-2005, was significantly improved after
a 16-week Internet behavioural weight loss programme and
those achieving >5% of body weight loss had a greater
improvement in the HEI compared to those with <5%
weight loss (22). Similarly, in a cohort of people with type
2 diabetes randomized to either a vegan diet or the Ameri-
can Diabetes Association recommended diet, there was an
association between diet quality, as defined by the Alternate
HEI, and weight loss after 22 weeks (23).

Limitations

There was a high drop-out rate of 40% in the first 8 weeks
of the study, the drop-out rate between 8 and 52 weeks
(20%) was as experienced in previous studies (17). The
power of the study to detect differences between the strat-
egies was potentially limited by this. We acknowledge that
the protocol used in the study is very different from inter-

mittent fasting and alternate day fasting. However, we have
shown the strategy to be as effective as continuous dieting
after 12 months and may offer a viable option to some
individuals.

In conclusion, using this protocol, there was no signifi-
cant difference in weight loss maintenance between CER
and IER after 12 months. This may offer a useful weight
loss strategy for individuals who find CER too difficult to
maintain.
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