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Summary

There are few studies comparing the effects of low-carbohydrate/high-protein
diets with low-fat/high-carbohydrate diets for obesity and cardiovascular disease
risk. This systematic review focuses on randomized controlled trials of low-
carbohydrate diets compared with low-fat/low-calorie diets. Studies conducted
in adult populations with mean or median body mass index of =28 kg m™ were
included. Thirteen electronic databases were searched and randomized controlled
trials from January 2000 to March 2007 were evaluated. Trials were included
if they lasted at least 6 months and assessed the weight-loss effects of low-
carbohydrate diets against low-fat/low-calorie diets. For each study, data were
abstracted and checked by two researchers prior to electronic data entry. The
computer program Review Manager 4.2.2 was used for the data analysis. Thirteen
articles met the inclusion criteria. There were significant differences between the
groups for weight, high-density lipoprotein cholesterol, triacylglycerols and sys-
tolic blood pressure, favouring the low-carbohydrate diet. There was a higher
attrition rate in the low-fat compared with the low-carbohydrate groups suggest-
ing a patient preference for a low-carbohydrate/high-protein approach as opposed
to the Public Health preference of a low-fat/high-carbohydrate diet. Evidence
from this systematic review demonstrates that low-carbohydrate/high-protein
diets are more effective at 6 months and are as effective, if not more, as low-fat
diets in reducing weight and cardiovascular disease risk up to 1 year. More
evidence and longer-term studies are needed to assess the long-term cardiovascular
benefits from the weight loss achieved using these diets.
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Introduction

Professor Broom had full access to all of the data in the study and take

responsibility for the integrity of the data analysis: (i) study concept and
design: Hession, Rolland, Kulkarni, Wise, Broom; (ii) acquisition of data:
Hession, Rolland; (iii) analysis and interpretation of data: Hession,
Rolland; (iv) drafting of the manuscript: Hession, Rolland, Kulkarni; (v)
critical revision of the manuscript for important intellectual content: Wise,
Broom; (vi) statistical analysis: Hession; (vii) administrative, technical or
material support: Hession, Rolland, Kulkarni, Wise, Broom and (viii) study

supervision: Broom.
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The prevalence of overweight and obesity is already high
and continues to increase in both the developed and devel-
oping world (1). Obesity has been implicated as the second
most preventable cause of death in the United States. After
remaining reasonably constant in the 1960s and 1970s,
the prevalence of obesity among adults in the United States
increased by around 50% per decade throughout the 1980s
and 1990s. Two-thirds of adults in the United States today
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are obese or overweight. In the United States, 28 % of men,
34% of women and nearly 50% of non-Hispanic black
women are at present obese (2). At any time, approxi-
mately 45% of women and 30% of men in the UK are
trying to lose weight (3). Most adults in England are now
overweight, and nearly one-quarter are obese (http://
www.foresight.gov.uk/obesity/17.pdf). Obesity has been
shown to be associated with increased risk of type 2 dia-
betes mellitus, hypertension, dyslipidemia and consequent
cardiovascular disease. Obesity ranks second only to
smoking in the aetiology of cancer and is an important
factor in osteoarthritis and obstructive sleep apnoea (4).

Recently, low-carbohydrate/high-protein (LC/HP) diets
have become popular as an aid to weight loss. Significant
weight loss on a LC/HP diet without significant elevations
of serum cholesterol has been reported. Studies comparing
the ‘Atkins’ diet with the classical low-fat (LF) diet have
appeared in the literature recently and are the subject of
increasing public interest (5) due to the beneficial improve-
ments in cardiovascular risk and weight loss achieved with
this type of dietary approach (6,7).

This systematic review focuses on randomized controlled
trials (RCTs) of LC/HP diets compared with LF/high-
carbohydrate (HC) conventional diets. The systematic
review also examines the outcomes of such trials in relation
to effects on cardiovascular disease risk. This systematic
review focuses on updating the literary evidence from RCTs
of LC/HP diets compared with LF/HC diets to assess their
impact on weight loss and cardiovascular risk. In addition,
it demonstrates lower attrition rates in the LC/HP groups
compared with the LF/HC groups suggesting patient pref-
erence for the former approach.

Methods

Inclusion criteria

The protocol used for this systematic review follows the
methods recommended by the Cochrane Collaboration (8).
RCTs were included if they assessed the weight-loss effects
of LC/HP diets against LE/HC diets. Only RCTs from
January 2000 to March 2007 were evaluated, as this review
is intended to assess the current literature in this field and
update the National Health Service R&D Health Technol-
ogy Assessment systematic review of diet and lifestyle on
weight loss and cardiovascular risk published by Avenell
et al. (8). Only studies conducted in an adult population
were included, as defined by minimum age greater than 18
years. RCTs where the participants had a mean or median
body mass index (BMI) of =28 kg m™? were included. A
BMI cut-off of =28 kg m= was used to allow the inclusion
of studies of ethnic groups where the classification of
obesity is at a lower BMI cut-off (9). RCTs evaluated in this
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review had to be of at least 6-month duration, including the
period of active intervention and follow-up.

Types of intervention

The focus of this review was to examine LC/HP diets
against other types of diets designed to induce weight loss
and/or prevent weight gain, and induce changes in cardio-
vascular risk factors. The types of dietary intervention
evaluated were:

e HP ‘ketogenic’ diet, where the carbohydrate content
was less than 40 g d!, irrespective of calorie content.

e LC diets (carbohydrate = 60 g d ).

e ‘Healthy eating’ advice.

e LF (30% or less daily energy from dietary fat) —
600 keal deficit diet.

Outcome measures

Weight loss or prevention of weight gain was the main
outcomes assessed from the RCTs included in the review.
With regard to cardiovascular disease risk factors, the fol-
lowing outcomes were also included:

e Serum lipids, including total cholesterol, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol and triacylglycerols.

e Systolic and diastolic blood pressure.

e Glycemic control.

Attrition rates were also analysed for each study to assess
patient acceptability.

Search strategy for the identification of
included studies

This systematic review was restricted to RCTs where the
full study report was available. A wide search strategy was
applied to identify as many RCTs evaluating dietary inter-
ventions as possible and which were relevant to the man-
agement of obesity and cardiovascular disease risk factors.
Thirteen electronic databases were searched including
MEDLINE, Commonwealth Agricultural Bureau (CAB)
abstracts and the Cochrane Central Register of Controlled
Trials. The search strategy incorporated weight loss, car-
diovascular disease and obesity-related terms and text
terms, specific to each database. Seven obesity and nutri-
tion journals were hand-searched including the Interna-
tional Journal of Obesity and Obesity Research. Reference
lists of included studies were searched and authors con-
tacted for further details of their trials.

Quality assessment of studies

Full copies of studies were assessed by two researchers
for methodological quality using a standard form. The
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researchers were not blinded to author, journal or institu-
tion. Differences of opinion were resolved by discussion.
Trial quality was assessed, including whether or not the
analysis was undertaken on an intention to treat basis.

Data abstraction

A data abstraction form was created for this review based
on a standard format (8). For each study, data were
abstracted and checked by different researchers prior to
electronic data entry.

Data analysis

The computer program Review Manager 4.2.2 was used
for the analysis of the data from the reviews. If results from
studies could be quantitatively combined, a statistical
meta-analysis of the data was undertaken to determine the
typical effect size of the intervention. For continuous data,
a weighted mean difference (WMD) was calculated. The
chi-square test was used to test for heterogeneity across the
studies. The significance value was set at 0.05.

Handling of missing data

Data processing for this review in Review Manager
required the input of the mean and the standard deviation
(SD) of the change between two time points. Where weight
or risk factors were reported as actual values instead of
changes, the differences were calculated by subtracting the
end point value from the baseline value. If SD for changes
in weight and risk factors were missing, the following
assumption was made — a previously published linear
regression of the SD of the mean change in weight on the
absolute mean change for weight (8), derived from weight-
loss RCTs, was used to supply missing SD. Similar data
were used to infer missing SD for the other variables
analysed in this review.

Results

Identified studies

A total of 13 (10-22) out of 123" articles met the inclusion
criteria and were included in the systematic review.

Reasons for which they were not included are summarized
in Table 1.

Study characteristics

All the included studies were RCTs ranging from 6- to
36-month duration. Five of the trials were of 6-month

'A list of papers that were excluded from the systematic review can be
obtained from the corresponding author.

Table 1 Summary of reasons for which papers were not included in the
systematic review

Reasons Number of studies

Not a randomized controlled trial 71

Study was less than 6-month duration 36

Mean/median body mass index of subjects 5
was less than 28 kg m

Carbohydrate content of the 14
‘low-carbohydrate’ diet was too high

Subjects did not receive an appropriate 50
treatment

Subjects were not human 5

Subjects were under 18 6

duration and six of 12-month. One trial lasted 17 months
and another lasted 36 months. As there was only one study
lasting 17 months (11) and one lasting 36 months (12) data
reported at that time point in that study were not included
in the analysis. All of the studies were designed to reduce
or prevent weight gain and also examined cardiovascular
disease risk factors.

Ten of the studies compared LC/HP diets with LF/HC
diets and two studies compared medium-protein diets with
HP diets. Table 2 gives a summary of the diets and carbo-
hydrate content for each of the studies.

Participant characteristics

A total of 1222 volunteers were recruited between the 13
studies. Fig. 1 shows the percentage attrition rates. Out
of the 1222 participants assigned to the diets, there were
441 (36%) attritions during the interventions. There was
a higher attrition rate in the conventional/LF/medium-
protein groups compared with the LC/HP intervention
groups. The difference in attrition rates between the two
groups was significant (P = 0.001) after performing a chi-
squared test.

Quality of trials

For the following variables, the LC/HP refers to the LC/HP
intervention groups and the LF/HC refers to the LF/HC
comparison/control groups.

Weight

The WMD in weight change was —4.02 kg in favour of
the LC/HP group at 6 months (Fig. 2a) (P < 0.00001). At
12 months this difference had fallen to only —1.05 kg
(P <0.05) (Fig.2b). There were differences (P < 0.0001)
among the studies at 6 months, but agreement shown by
lack of heterogeneity at 12 months.
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Table 2 Summary of diets and CHO content

Study Diets compared
LC/HP

Amount of CHO consumed per day for

Were the diets energy controlled?

Brehm et al., 2002 (10)
Brinkworth et al., 2004 (11)

VLC/HP vs. LF/HC
MP vs. SP 40% CHO
Cardillo et al., 2006 (12) LC/HP vs. LF/HC

of CHO
Dansinger et al., 2005 (13)

Due et al., 2004 (14)

VLC/HP vs. LF/HC

MP (12% of energy) vs.
HP (25% of energy),
both 30% fat

VLC/HP vs. LF/HC

40% CHO

Foster et al., 2003 (15)

Gardner et al., 2007 (16) VLC/HP vs. LF/HC

Samaha et al., 2003 (17) LC/HP vs. LF/HC 309
Seshadri et al., 2004 (18) LC/HP vs. LF/HC 309
Stern et al., 2004 (19) LC/HP vs. LF/HC 30¢g

Truby et al., 2006 (20) Atkins vs. LF/HC

20 g increased to 40-60 g after 2 weeks

30 g for 6 months followed by reintroduction

30 g increased to 50 g gradually

20 g then increased gradually

20 g increased to 50 g gradually

20 g increased to 5 g week™' when 10 Ib

LF — kcal restricted

Initial 12 weeks energy restriction, followed
by 4 weeks energy balance

LF - reduced by 500 kcal d™'

LF — kcal restricted
No (ad libitum)

LF — women: 1200-1500 kcal d-'; men:
1500-1800 kcal d'

LF — kcal restricted

LF — reduced by 500 kcal d™'

LF - reduced by 500 kcal d™'

LF — kcal restricted

LF — kcal restricted

away from target weight

LC/HP vs. LF/HC
VLC/HP vs. LF/HC

Tsai et al., 2005 (21)
Yancy et al., 2004 (22)

30 g increased to 50 g gradually
<20 g increased by 5 g d™' when reached

LF — kcal restricted
LF - reduced by 500 kcal d™'

half of target weight

CHO, Carbohydrate; HC, high-carbohydrate; HP, high-protein; LC, low-carbohydrate; LF, low-fat; MP, moderate protein; SP, standard protein; VLC,

very-low-carbohydrate.

e
o)
o

% attrition rat

Figure 1 Percentage attrition rate in low-carbohydrate (white) and
low-fat (black) diets reported in the literature.

Total cholesterol

The WMD in total cholesterol change was 0.19 mmol L™
at 6 months (P <0.0001) with the LC/HP group demon-
strating the increased cholesterol (Fig. 3a). This was also
the case at 12 months, although the difference between the
groups was smaller and not significant (0.10 mmol L,
P =0.31) (Fig. 3b). There were no differences among the
studies at 6 (P =0.84) and 12 (P = 0.14) months.

Low-density lipoprotein cholesterol

The WMD in LDL cholesterol change was 0.14 mmol L™
at 6 months (P < 0.00001) with the LC/HP group demon-
strating the increased LDL cholesterol (Fig. 4a). The dif-
ference between the groups was greater at 12 months
(0.37 mmol L) (P <0.00001) with the LC/HP group
again demonstrating the increased LDL cholesterol

© 2008 The Authors

(Fig. 4b). There were no differences among the studies at
6 months (P=0.65), but there were differences found
between the studies at 12 months (P < 0.00001).

High-density lipoprotein cholesterol

The WMD in HDL cholesterol change was 0.04 mmol L™
at 6 months (P=0.03) favouring the LC/HP group
(Fig. 5a). There was a slightly greater increase in the WMD
in HDL cholesterol at 12 months (0.06 mmol L) favour-
ing the LC/HP group (P < 0.05). There were no differences
found between the studies at 6 months (P =0.46) or 12
months (P =0.49).

Triacylglycerol

The WMD in triacylglycerol was —0.17 mmol L' at 6
months (P =0.0001) favouring the LC/HP group (Fig. 6a).
At 12 months the WMD between the groups was
—-0.19 mmol L' favouring the LC/HP group (P =0.04).
Again, there was evidence of heterogeneity across the
groups (P =0.01).

Systolic blood pressure

The WMD drop in systolic blood pressure of —1.35 mmHg
at 6 months favouring the LC/HP group was not significant
(Fig. 7a). At 12 months the WMD between the groups was

Journal compilation © 2008 International Association for the Study of Obesity. obesity reviews 10, 36-50
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a decrease of 2.19 mmHg favouring the LC/HP group
(P =0.05) (Fig. 7b). There was no difference between the
studies at either time.

Diastolic blood pressure

The WMD decrease in diastolic blood pressure of
0.49 mmHg at 6 months favouring the LC/HP group was
not significant (Fig. 8a). At 12 months, the WMD between
the two groups of 0.81 mmHg lowering favouring the
LC/HP group was greater, but was also not significant
(Fig. 8b). There was no evidence of statistical heterogeneity
across the studies at either time.

Fasting plasma glucose

The WMD between the groups in fasting plasma glucose
was not significant and there was no evidence of statistical
heterogeneity at either time (Fig. 9).

Discussion

The results of the present review show that weight loss was
significantly greater in the LC/HP (treatment) group after
6 and 12 months compared with the LF/HC group. The
difference was greater at 6 months and at that time there
was significant heterogeneity among the studies, probably
due to the different study designs, but at 12 months the
heterogeneity was no longer significant. The 36-month
follow-up by Cardillo et al. (12) reported that mean weight
change between baseline and 36 months was not different
between the LC/HP and the LF/HC group. However, they
do report that between 6 and 36 months weight was
unchanged for the LF/HC group but that subjects on the
LC/HP approach regained weight, but this change was not
significant.

Avenell et al. (23) examined the effects of a protein
sparing modified fast (PSMF) compared with a low-calorie
diet and a very low-calorie diet. A PSMF is a LC diet, which
allows a maximum of 40 g of carbohydrate per day. The
review examined weight loss comparing the PSMF with
low-calorie diets after 12, 18, 24, 36 and 60 months. There
was a greater weight loss favouring the PSMF group com-
pared with the control after 12, 24 and 36 months, but only
seven RCTs were included in this analysis, which included
a total of 480 participants (23). These results are consistent
with the results of the present systematic review.

A review by Nordmann et al. (24) comparing LC diets
with LF diets showed significant weight loss with the LC
group at 6 months, but not at 12 months. The meta-
regression by Krieger et al. (25) also reports a greater
weight loss in addition to a greater body fat and percentage
body fat loss in studies lasting more than 3 months. Bravata
et al. (26), however, showed no significant differences in

weight loss for both groups at either 6 or 12 months, but
this review included studies with dietary approaches that
are not considered LC, which may have affected their
outcomes.

The present review showed that there was a significant
improvement in HDL cholesterol and triacylglycerols at 6
and 12 months favouring the LC/HP group, but this was
not significant at 17 months. The lack of significance at 17
months may be caused by the reintroduction of carbohy-
drates in the LC/HP group. There was heterogeneity
between the studies for triacylglycerols, but this may have
been due to differences in study design.

Low HDL cholesterol and raised triacylglycerol levels are
risk factors for cardiovascular disease and impact on the
atherogenicity of the LDL particle and these results indicate
that a LC/HP diet may be a better approach to weight loss
and lowering the risk of cardiovascular disease. These
results are consistent with the review carried out by
Nordmann et al. (24). However, Bravata et al. (26) did not
show any significant improvement in these parameters,
which again may have been affected by their choice of
studies.

The present review showed a significant improvement in
total cholesterol and LDL cholesterol favouring the LF/HC
group at 6 months, at which point total cholesterol and
LDL cholesterol increased more in the LC/HP group but
not at 12 months or 17 months. Nordmann et al. (24) in
a meta-analysis of LC vs. LF diets found reports on four
groups of patients demonstrating an improvement in total
and LDL cholesterol favouring LF diets rather than LC
diets. This finding is consistent with the studies included in
the present review. An elevated total cholesterol could in
part be explained by an increase in HDL cholesterol
observed in the LC/HP group. Also, although an elevated
LDL cholesterol increases the risk of acute cardiovascular
events, we have just shown evidence that LC/HP diets
increase HDL and decrease triacylglycerol which impacts
on the atherogenicity of the LDL particle. These studies
failed to investigate changes in LDL particle size. Further-
more, evidence from Sharman et al. (27) suggests that on a
LC/HP LDL particle sizes change from small to large and
therefore resulting in a less atherogenic profile.

There was a trend towards improvement in diastolic and
systolic blood pressure at 6, 12 and 17 months favouring
the LC/HP group. The difference was significant at 12
months favouring the LC/HP group for systolic blood
pressure. Bravata et al. (26) reported no change in systolic
blood pressure after the low- and very-low-carbohydrate
diets (26). Nordmann ez al. (24) showed no significant
difference in blood pressure at any time point.

At 6 months there was a trend towards improvement in
fasting plasma glucose only slightly favouring the LE/HC
group in which there was a greater decrease in fasting
plasma glucose in the LF/HC group. This was surprising
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when compared with the review by Layman et al. where
there is clear evidence of improvements in fasting glucose,
postprandial glucose and insulin responses and glycosy-
lated haemoglobin (HbA;.) for individuals on an LC/HP
diet (6). At 12 months, the opposite occurred in which
there was a greater decrease in fasting plasma glucose,
favouring the LC/HP group. The difference was not signifi-
cant at 6, 12 and 17 months. Bravata et al. (26) reported
no change in fasting serum glucose among recipients of
the low- and very-low-carbohydrate diets. Nordmann ef al.
(24) showed a greater improvement in fasting plasma
glucose favouring the LC group at 6 months, but this was
no longer significant at 12 months.

Furthermore, fasting glucose provides a limited assess-
ment of overall glycaemic status; therefore, future studies
should use HbA1lc values or more direct measurements of
insulin sensitivity.

There was a higher attrition rate in the LF/HC compared
with the LC/HP groups (Fig. 1). Reasons for attrition
included difficulty in complying with the diet or disliking
the diet, difficulty in maintaining the scheduled visits and
significant events such as pregnancy and surgery.

Limitations

It is important to take account of attrition rates in the
interpretation of outcomes as high attrition rates lead to a
smaller statistical power. An intention to treat approach is
commonly used to overcome attrition rates and possible
bias in the outcomes. There are, however, limitations when
using this approach in lifestyle trials as the intention to
treat approach has been derived from drug trials and may
not yield robust outcomes. This results in the need for
higher retention rates to assess for real changes in response
to the dietary interventions.

In addition, the use of a RCT design in dietary interven-
tions may not be appropriate. In general, any weight-loss
strategy has a maximum weight loss at 6 months followed
by a return to initial weight. It is clear that patients are
changing their treatment by their own accord, perhaps
subconsciously or perhaps due to a metabolic response of
the body aiming to return to its initial weight. The current
thinking within the field of obesity suggests that the use
of continuous improvement methodology may be more
appropriate for weight-loss management (28).

Also there was some evidence of heterogeneity between
the studies included in this analysis. This calls for the use of
more consistent and robust study designs for which we
have to establish a clear definition of a LC/HP diet.

Conclusion
This systematic review included all known RCTs of LC

diets vs. the LF/HC diet from 2000 to 2007. Factors

© 2008 The Authors

including weight, cholesterol, blood pressure and glycemic
control were evaluated, as these are important in weight
loss and cardiovascular disease risk.

Evidence from this systematic review demonstrates that
LC/HP diets are more effective at 6 months and are as
effective, if not more, as LF diets in reducing weight and
cardiovascular disease risk up to 1 year. As there were only
13 studies included and several of them allowed the
reintroduction of carbohydrates in the LC/HP diet, the
evidence of the long-term efficacy of these diets is not
complete. Certainly at 6 months, the evidence is in favour
of the use of LC/HP diet. It may not be appropriate to
return to a HC intake for weight maintenance (29,30). A
gradual reintroduction while still limiting the intake of
carbohydrate may be more appropriate.

With the prevalence of obesity increasing there is a need
for larger and long-term RCTs of low- or very-low-
carbohydrate diets compared with the LF/HC diets to be
carried out. The influence of behavioural therapy and exer-
cise interventions needs to be evaluated, as well as lifestyle,
appetite and mood questionnaires.

It is not known with certainty which aspect of LC diets
causes the weight loss and cardiovascular disease risk
factor changes. Whether it is the LC, the HP or calorie
restriction needs to be examined. In addition, there is a
need to assess if the greater weight loss achieved at 6
months on a LC/HP diet results in more important long-
term improvements of cardiovascular disease.

There is a need for trials to include a follow-up period,
to examine adherence to the LC diets and whether partici-
pants maintain their weight loss and CVD risk factor
change when there is minimum contact with the study
investigators. Finally, taking account of high attrition rates
when using RCTs for dietary and lifestyle interventions,
perhaps we will witness a move towards a continuous im-
provement methodology in the future.
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