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Correction: Low Carbohydrate versus
Isoenergetic Balanced Diets for Reducing
Weight and Cardiovascular Risk: A Systematic
Review and Meta-Analysis

The PLOS ONE Editors

In response to questions raised about this article [1] following its publication and a criticism
and rebuttal that were published in the South African Medical Journal [2, 3], PLOS ONE did a
full re-evaluation of this article, advised by Editorial Board members and a statistical reviewer.
Based on this assessment, the PLOS ONE Editors concluded that some corrections and clarifi-
cations are needed; these are addressed below. With these amendments, the article meets
PLOS ONE’s publication criteria and the conclusions of the article stand.

The following errors were noted following publication:

The authors made a typographical error in Table 3. The range of Fat for Balanced should be
20-35% and not 25-35% as in the published table. The cut-offs pertain to criteria for inclusion of
studies in the systematic review. These cut-offs were based on the international guidelines, which
are referenced in the paper. The authors confirmed that they correctly applied 20% as an inclusion
criterion when conducting the study. Although this typographical error does not directly influ-
ence the results and conclusions of the systematic review, there are 2 included trials [4, 5] where
the control diets had fat ranges that do not comply with the cut-oft value that was incorrectly
reported in Table 3, and thus they would have been excluded from the review had the incorrect
range reported in the original Table 3 been applied. Please see the corrected Table 3 here.

Table 3. Cut-off ranges™ used to classify the macronutrient goals of treatment and control diets.

Classifications
Macronutrients Low Balanced High
Carbohydrate (% of total energy) <45 45 to 65 > 65
Fat (% of total energy) <25 20 to 35 > 35
Protein (% of total energy) <10 10 to 20 > 20

*Established by drawing on macronutrient recommendations from four global institutions and governments [12-
15,70].

https://doi.org/10.1371/journal.pone.0200284.t001

A reader pointed out that the same study was reported in two articles included in the sys-
tematic review, cited in the original article as references 28 and 39 [6, 7]; hence this study was
represented in duplicate in the meta-analysis. The two papers, published in the same year, did
not reference each other, so it was unclear from the published record that they reported results
from the same trial (n = 36), though the trial’s investigators confirmed this point in January
2017 when contacted by the authors. The duplication only affects the meta-analysis reported
in Fig 3 and the following sentences in the Results section, where the duplicate paper is repre-
sented by reference 39:
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Low CHO Balanced Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 High fat variant
Aude 2004 62 1.8 22 -34 2 23 12.2% -2.80[-3.91, -1.69] —_
De Luis 2009 (1) 90.4 19.7 52 87.5 10.1 66 1.6% 2.90 [-2.98, 8.78]
De Luis 2012 (2) 914 174 147 88 16.6 158 3.4% 3.40[-0.42,7.22] T/
Frisch 2009 -72 54 100 -62 48 100 10.6% -1.00[-2.42,0.42] T
Klemsdal 2010 57 111 100 48 111 102 4.7% -0.90 [-3.96, 2.16] - 1
Krauss 2006 -2.65 2.94 40 -2.65 3.63 49 10.9% 0.00 [-1.36, 1.36] —_r
Lim 2010 -8 28 24 63 29 21 9.3% -1.70[-3.37,-0.03] ]
Sacks 2009 56 56 201 -58 54 201 124% 0.20 [-0.88, 1.28] T
Subtotal (95% ClI) 686 720 65.1% -0.62 [-1.79, 0.54] S 4
Heterogeneity: Tau? = 1.71; Chi2 =24.29, df =7 (P = 0.001); 2=71%
Test for overall effect: Z = 1.05 (P = 0.30)
1.1.2 High protein variant
Farnsworth 2003 -7.8 35 28 -7.95 245 29 98% 0.15[-1.42,1.72] T
Keogh 2007 -85 16.2 13 -7.9 3.81 12 0.7% -0.60 [-9.67, 8.47]
Lasker 2008 91 45 25 -6.9 4 25 6.6% -2.20 [4.56, 0.16] e—
Layman 2009 -82 36 52 -7 36 51 10.7% -1.20 [-2.59, 0.19] /T
Wycherley 2012 -10.2 49 33 94 44 35 71% -0.80[-3.02, 1.42] N
Subtotal (95% Cl) 151 152 34.9%  -0.85[-1.73,0.02] <P
Heterogeneity: Tau? = 0.00; Chi? = 3.06, df =4 (P = 0.55); I? = 0%
Test for overall effect: Z = 1.92 (P = 0.05)
Total (95% CI) 837 872 100.0% -0.78 [-1.57, 0.00] P
Heterogeneity: Tau? = 0.99; Chi? = 27.36, df = 12 (P = 0.007); I2 = 56% F 10 5 5 5 ] 0=

Test for overall effect: Z = 1.95 (P = 0.05)
Test for subgroup differences: Chi2 =0.10, df=1 (P = 0.75), = 0%

Footnotes
(1) End value data
(2) End value data

Favours Low CHO Favours Balanced

Fig 3. Forest plot of low carbohydrate versus balanced diets in overweight and obese adults for weight loss (kg) at 3-6 months.

https://doi.org/10.1371/journal.pone.0200284.9001

“In people without diabetes, eight trials examined the high fat variant [16], [24], [26], [27],
[29], [32], [33], [38] and 6 the high protein variant [28], [31], [36], [37], [39], [41].”

“Five trials showed better adherence in the low CHO diet groups [35]-[37], [40], [41] and
four trials showed better adherence in the balanced diet group [28], [34], [38], [39].”

With this Correction, the authors provide a new version of Fig 3 in which the meta-analysis
has been repeated with the duplicate study removed, as a sensitivity analysis excluding the
duplicate trial [7]. The previously published mean difference in weight at 3-6 months in non-
diabetic overweight and obese adults, following low carbohydrate diets compared to balanced
diets, was -0.74 kg (95%CI -1.49 to 0.01; I? = 53%; n = 1745; 14 trials) [1]. Following the sensi-
tivity analysis, the mean difference in weight was -0.78 kg (95%CI -1.57 to 0.00; I* = 56%;

n = 1709; 13 trials), a discrepancy in mean differences of 40 g, as shown in the corrected ver-
sion of Fig 3.

The authors also provide the following clarifications and additional details in response to

the independent PLOS ONE re-evaluation:

The model used in the analyses

The authors used the random effects model, which uses inverse variance weighting. This is a
standard meta-analysis model where one anticipates that the true effect estimate may be differ-
ent between studies [8]. As can be expected with diets, people adhere differently, length of
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follow up varies, and different methods are used to estimate dietary intake, thus a random
effects model is likely the correct model to use in these circumstances. Heterogeneity was esti-
mated with I” and interpreted using standard thresholds [8]. The authors did not quote pooled
results if the I> was more than 75%, which indicates substantial heterogeneity. Using these
thresholds for the interpretation of I? can be seen as a limitation, since the importance of
inconsistency depends on several factors [8]. The observed value of I* depends on magnitude
and direction of effects and strength of evidence for heterogeneity, as provided by the P value
from the chi-squared test, or a confidence interval for I* [8]. The authors reported the P values
from the chi-squared test in the Figures [1]. The authors also took care in interpreting hetero-
geneity when there was a small number of trials where the evaluation of heterogeneity may be
underpowered.

Discussion of BMI versus weight change in the context of the
systematic review

As per their protocol, the authors reported results for total weight change (kg) and body mass
index (BMI) (kg/mz). Of the 18 included trials, 15 reported on power calculations, of which 10
trials used the weight in their sample size calculation, while none used BMI—meaning most
trials were specifically powered to detect differences in weight between the groups over time.
For this reason, the authors chose to report the weight change result in their abstract and syn-
thesized weight and BMI findings in the Results section. The BMI results for overweight and
obese adults without type 2 diabetes are summarized in Tables 10 and 11 [1] and in the Sup-
porting Information (Figures S2A, S2B, S3A and S3B) [1]. Results for BMI mirrored those for
weight change [1].

Statistical significance, clinical significance, and observed effect

Correct and careful interpretation of statistical tests demands assessing the sizes of estimates of
effect and confidence intervals, as well as precise P values (not just if P values are above or
below 0.05 or a different threshold) [9]. Confusing statistical significance with the size or
importance of an effect has been discussed at length in the peer-reviewed literature [9-11]. Sta-
tistical significance does not equate to clinical importance, which requires a meaningful
change in an outcome that matters, and in general, refers to the smallest change in an outcome
that is considered “important” or “worthwhile” by the practitioner or the patient and/or would
result in a change in patient management [12]. Thus, if slightly different inclusion criteria
were applied resulting in a few trials being included or excluded in the various meta-analyses
[1], the statistical significance of mean differences may have changed, but this does not auto-
matically change the size or importance of the observed differences in effect between the diets
being compared.

Body weight typically fluctuates from day to day due to food intake and fluid balance
changes, which depend on gender, age and activity level, with diurnal fluctuations of up to 2
kg [13]. Heavier individuals tend to have larger fluctuations in weight [14]. Fig 3 showed that
in overweight and obese adults, the average amount of weight lost at 3-6 months with both
low carbohydrate weight loss diets and balanced weight loss diets equal in energy, could be
regarded as clinically important to overweight and obese adult patients and their practitioners.
When the authors compared the average amount of weight lost after following these two diets
for 3-6 months, the difference in amount of weight loss between the two diets was not clinically
important for the overweight and obese patient, at only 780 grams (well within the range of
typical daily weight fluctuation). The same applies to BMI at 3-6 months.
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The clinical importance of the observed difference in effects on weight and BMI when com-
paring the two diets, is especially pertinent when considering that the trial participants started
with BMIs of 26 kg/m” or greater and were obese on average (mean baseline BMI in both
groups was greater than 30 kg/m” in trials that reported baseline BMI). If a weight-loss diet
results in only about 780 g more weight loss after 3 to 6 months in an overweight or obese
adult compared to another weight-loss diet, one cannot practically and clinically conclude that
the first diet is more effective in treating the overweight participant than the second diet.

Limitation related to assessment of publication bias

The authors assessed publication bias with funnel plots when there were 10 or more studies
per outcome [1], as recommended [8]. This was the case for five outcomes in non-diabetic
overweight and obese adults in the early follow-up category (3—6 months), as interpreted in
the published paper [1]. For all the other outcomes, they could not assess publication bias-an
acknowledged limitation. The authors used random-effects meta-analyses, which awards rela-
tively more weight to smaller studies compared to fixed-effect meta-analyses [8]. The use of a
random-effects model thus does not offer protection to the extent that a fixed-effect model
does, which gives less weight to small studies. Sensitivity analyses comparing findings of ran-
dom effects versus fixed effects models showed no impacts on the clinical importance of effect
estimates.

Clarifying the use of the Cochran Q test to detect heterogeneity

The Cochran Q (i.e. chi-square) is known to be underpowered to detect heterogeneity, espe-
cially for meta-analyses with few studies [8, 15]. For this reason, the authors used a significance
level of P<0.1, as stated in the methods [1]. Thus, their methods accounted for the underpow-
ered nature of the chi-square.

Some have argued that since clinical and methodological diversity always occur in a meta-
analysis, statistical heterogeneity is inevitable. Consequently, the test for heterogeneity is irrele-
vant to the choice of analysis. Heterogeneity will always exist whether or not we happen to be
able to detect it using a statistical test. Methods have been developed for quantifying inconsis-
tency across studies that move the focus away from testing whether heterogeneity is present to
assessing its impact on the meta-analysis. An example of this is the I” test, which is useful since
it quantifies inconsistency, and describes the percentage of the variability in effect estimates
that is due to heterogeneity rather than sampling error (8). Thus, the authors considered
another measure of heterogeneity by using the I” test (1).

The authors assessed and quantified heterogeneity in all meta-analyses, but as occurs often
with meta-analysis, some heterogeneity may likely have remained undetected. The potentially
undetected heterogeneity, particularly in small meta-analyses, is a limitation. The authors did
not apply a fixed-effects model which assumes homogeneity but acknowledged the potential
for undetected heterogeneity by employing a random-effects model.
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