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ABSTRACT

Objective Carbohydrate staples such as pasta have
been implicated in the obesity epidemic. It is unclear
whether pasta contributes to weight gain or like other
low-glycaemic index (Gl) foods contributes to weight loss.
We synthesised the evidence of the effect of pasta on
measures of adiposity.

Design Systematic review and meta-analysis using the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach.

Data sources MEDLINE, Embase, CINAHL and the

Cochrane Library were searched through 7 February 2017.

Eligibility criteria for selecting studies We included
randomised controlled trials >3 weeks assessing the effect
of pasta alone or in the context of low-Gl dietary patterns
on measures of global (body weight, body mass index
(BMI), body fat) and regional (waist circumference (WC),
waist-to-hip ratio (WHR), sagittal abdominal diameter
(SAD)) adiposity in adults.

Data extraction and synthesis Two independent
reviewers extracted data and assessed risk of bias. Data
were pooled using the generic inverse-variance method
and expressed as mean differences (MDs) with 95% Cls.
Heterogeneity was assessed (Cochran Q statistic) and
quantified (1 statistic). GRADE assessed the certainty of
the evidence.

Results We identified no trial comparisons of the

effect of pasta alone and 32 trial comparisons (n=2448
participants) of the effect of pasta in the context of low-Gl
dietary patterns. Pasta in the context of low-Gl dietary
patterns significantly reduced body weight (MD=-0.63 kg;
95% Cl —0.84 to —0.42kg) and BMI (MD=—0.26 kg/m?
95% Cl —0.36 to —0.16 kg/m?) compared with higher-Gl
dietary patterns. There was no effect on other measures
of adiposity. The certainty of the evidence was graded as
moderate for body weight, BMI, WHR and SAD and low for
WC and body fat.

Conclusions Pasta in the context of low-Gl dietary
patterns does not adversely affect adiposity and even
reduces body weight and BMI compared with higher-Gl
dietary patterns. Future trials should assess the effect of
pasta in the context of other ‘healthy’ dietary patterns.

Strengths and limitations of this study
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» The present systematic review and meta-analysis
was based on a comprehensive search and includ-
ed a large number of randomised controlled trials
which provide the best protection against bias.

» We used the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
approach to evaluate the strength and quality of the
evidence.

» There was evidence of unexplained inconsistency
among the trial estimates for waist circumference
and body fat.

» The generalisability of our results is called into ques-
tion for all body weight and adiposity outcomes, as
the available trials only assessed pasta in the con-
text of low-glycaemic index dietary patterns (none
assessed the effect of pasta alone or in the context
of other dietary patterns and most did not quantify
the amount of pasta consumed).

Trial registration number NCT02961088; Results.

INTRODUCTION

As the role of saturated fat in chronic disease
has been called into question, carbohydrates
have come under attack in the media,1 2
popular books,” statements of health advo-
cacy groups'’ and commentaries in leading
medical journals.'" '* Much of the atten-
tion has focused on sugars, but traditional
carbohydrate staples like pasta, rice and
breads are increasingly being implicated in
the epidemics of overweight and obesity.” !
Although systematic reviews and meta-anal-
yses of randomised controlled trials (RCTs) of
dietary patterns that include these foods but
are low in glycaemic index (GI),” ' high in
whole grains' '® and/or high in dietary fibre

BM)

Chiavaroli L, et al. BMJ Open 2018;8:019438. doi:10.1136/bmjopen-2017-019438 1

* Jooydsaboysnwselq
V171-Z39 wswiredaq e GZoz ‘G aunc uo /wod fwg-uadolway/:diy woly papeojumoq "8T0Z |11dV ¢ U0 8e¥6T0-LT0Z-uadolwa/oeTT 0T Se paysijgnd 1siy :uado NG


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-019438
http://dx.doi.org/10.1136/bmjopen-2017-019438
http://dx.doi.org/10.1136/bmjopen-2017-019438
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-019438&domain=pdf&date_stamp=2018-03-29
NCT02961088
http://bmjopen.bmj.com/

Open Access 8

have shown advantages for weightrelated outcomes,'” '®

there has been a general lack of recognition of the impor-
tance of carbohydrate quality.

Pasta is an important example of a food that is consid-
ered a refined carbohydrate but has a low GI, a property
that has been exploited extensively in studies of low-GI
dietary patterns. It remains unclear whether pasta alone
or in the context of a low-GI dietary pattern shares the
advantages of other low-GI foods or on the contrary
contributes to weight gain. We are not aware of any system-
atic reviews and meta-analyses that have synthesised the
evidence of the effect of pasta on body weight outcomes.
We undertook a systematic review and meta-analysis of
RCTs using the GRADE approach to quantify the effect
of pasta alone or in the context of low-GI dietary patterns
on body weight and measures of adiposity relevant to the
prevention and management of overweight and obesity.

METHODS

Design

Our protocol followed the guideline of the Cochrane
Handbook for Systematic Reviews of Interventions," and
findings are reported according to the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-AnalysesQo (online supplementary table S1). The
protocol is registered at ClinicalTrials.gov (identifier,
NCT02961088; Results).

Data sources and searches

We searched MEDLINE (http://www.nlm.nih.gov/
bsd/pmresources.html), Embase (https://www.embase.
com), CINAHL (https://health.ebsco.com/products/
the-cinahl-database) and the Cochrane Library (http://
www.cochranelibrary.com/) from inception through 7
February 2017. The full search terms used in this study are
presented in online supplementary tables S2—-S3. Briefly,
we searched using variations of the terms pasta and
glycaemic index and glycaemic load and body weight and
body mass index (BMI). The search was limited to human
studies and had no language restrictions. Reference lists
of selected studies and reviews were also searched to iden-
tify additional articles.

Study selection

We included RCTs that investigated the effect of pasta
consumed alone or in the context of low-GI dietary
patterns that emphasised pasta in comparison with
higher-GI diets that did not include pasta on body
weight or other measures of global (BMI, body fat)
or abdominal (waist circumference, waist-to-hip ratio,
sagittal abdominal diameter or visceral adipose tissue
as assessed by imaging modalities) adiposity in partic-
ipants of all health backgrounds. Trials were included
if the intervention arm assessed the effect of pasta
consumed alone or assessed the effect of a low-GI diet
that emphasised pasta as part of the low-GI dietary
advice. Trials were excluded if they had diet duration

of <3 weeks, did not intend to use a calorie-matched
and macronutrient-matched comparator arm that
was higher in GI, included pregnant or breastfeeding
women or children, or did not provide suitable
end-point data. When multiple publications existed
for the same study, the article with the most informa-
tion was included (n=6). Published abstracts were not
included.

Data extraction

Two reviewers (LC, CRB) assessed the titles and abstracts
of all identified studies and independently reviewed
and extracted relevant data from each report, including
study design, blinding, sample size, participant charac-
teristics, follow-up duration, identification of pasta in the
low-GI diet only, comparator diet, macronutrient profile,
funding source and outcome data.

In those trials where the data were included in figures
and not provided numerically, we extracted data using
the software program Plot Digitizer V.2.6.8 (http://plot-
digitizer.sourceforge.net/), a Java program that digitises
scanned figures of X and Y plots from GIF, JPEG or PNG
image file formats and allows one to calibrate the X and
Y axes for the estimation data points. Additional infor-
mation was requested from the authors of all included
trials. Disagreement were resolved by consensus or where
necessary by a third author (SBM).

Risk of bias assessment

Risk of bias for each included trial was assessed inde-
pendently using the Cochrane Risk of Bias tool by the two
reviewers.'? Assessment was done across 5 domains of bias
(sequence generation, allocation concealment, blinding,
incomplete outcome data and selective reporting)
and assessed. The risk of bias was assessed as either low
(proper methods taken to reduce bias), high (improper
methods creating bias) or unclear (insufficient informa-
tion provided to determine the bias level).

Outcomes

The primary outcome was body weight, and secondary
outcomes included markers of global (BMI, body fat)
and abdominal (waist circumference, waist to-hip ratio,
sagittal abdominal diameter or visceral adipose tissue
assessed by imaging modalities) adiposity. Change-from
baseline differences were preferred over end differ-
ences and expressed as Mean+SD. When not provided,
between-treatment differences in change-from-baseline
or end differences were calculated by subtracting means,
and SDs were calculated from the available data and statis-
tics using published formulas.'” If there was insufficient
information available to allow for these calculations, then
missing SDs were imputed with the use of the pooled SD
from other studies included in the analysis."

Statistical analysis

Data analyses were conducted using Review Manager
(RevMan) V.5.3 (Copenhagen, Denmark: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014)
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for primary analyses and Stata V.13 (College Station,
TX: StataCorp LP) for subgroup analyses. A generic
inverse-variance method with random-effects models was
used to calculate pooled mean differences and 95% Cls.
Randome-effects models were used even in the absence of
statistically significant interstudy heterogeneity, as they
yield more conservative summary effect estimates in the
presence of residual heterogeneity. Paired analyses were
applied to all cross-over trials with the use of a within-in-
dividual correlation coefficient between treatments of 0.5
as described by Elbourne et al.*!

Interstudy heterogeneity was assessed by the Cochran Q
statistic, where P <0.10 was considered statistically signif-
icant, and quantified by the I statistic, where I* >50%
indicates substantial heterogeneity.'? Sensitivity anal-
yses were performed, which included the removal of
each single study from the meta-analyses one at a time
and recalculation of the summary effect. An influential
study was considered a study whose removal changed
the magnitude of the pooled effect by >10%. Sensitivity
analyses were also conducted using different correlation
coefficient values for cross-over trials (0.25 and 0.75) to
test for the robustness of the effect size, conducting anal-
yses using fixed-effects models and restricting analyses to
those trials for which pasta intake could be quantified.

If >210trial comparisons were available, then sources
of heterogeneity were explored by subgroup analyses.
A priori categorical subgroups analyses were assessed by
meta-regression analyses. These included patient type
(normal body weight, overweight or obese (average base-
line BMI >27 kg/m2), diabetes, coronary heart disease),
follow-up (<24weeks, 224 weeks), baseline BMI (BMI
<30, >30kg/m?), design (parallel, cross-over), energy
balance (negative on both arms (weight loss diets),
neutral on both arms (weight maintaining diets)) and
dose of pasta (based on the median). A priori categor-
ical subgroup analyses also included the following dietary
factors: GI (absolute level (<55, >55; glucose scale), with-
in-treatment change, between-treatment change), fat
intake (absolute level (<30%, 230% energy), within-treat-
ment change, between-treatment change), carbohydrate
intake (absolute level (<50%, 250% energy), within-treat-
ment change, between-treatment change), protein intake
(absolute level (<20%, 220% energy), within-treatment
change, between-treatment change), dietary fibre intake
(absolute level (<28g/day, >28g/day), within-treat-
ment change, between-treatment change) and risk of
bias. A priori continuous meta-regression analyses were
conducted on the absolute levels and within-treatment
and between-treatment changes of these same dietary
factors in the intervention arms of pasta in the context
of low-GI dietary patterns. Linear and non-linear pasta
intake dose-response analyses were assessed by using
continuous meta-regression analyses and spline curve
modelling (MKSPLINE procedure), respectively. Publica-
tion bias was assessed by visual inspection of funnel plots
and the Egger” and Begg® tests, when>10trial compar-
isons were available. If publication bias was suspected,

then adjustment for funnel plot asymmetry was done by
imputing missing study data using the Duval and Tweedie
trim-and-fill method.**

Grading the evidence

The grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach was used to
assess the certainty of the evidence.” Evidence was graded
as high, moderate, low or very low quality. The included
RCTs were graded as high-quality evidence by default
and downgraded based on prespecified criteria. Criteria
to downgrade evidence included risk of bias (weight of
studies show risk of bias assessed by the Cochrane Risk of
Bias tool), inconsistency (substantial unexplained hetero-
geneity, I*>50%, P<0.10), indirectness (presence of factors
that limited the generalisability of the results), impreci-
sion (the 95% CI for effect estimates were wide or crossed
prespecified minimally important differences (MIDs) for
harm) and publication bias (significant evidence of small-
study effects).

Patient involvement
No patients were directly involved in the development of
the research question, selection of the outcome measures,
design and implementation of the study, or interpreta-
tion of the results.

RESULTS

Search results

Figure 1 shows the flow of the literature. We identified
4876 reports of which 29 met eligibility criteria. No
reports were identified that assessed the effect of pasta
alone, while 29 reports (including 32 trial comparisons
involving 2448 participants) were identified that assessed
the effect of pasta in the context of low-GI dietary
patterns on any adiposity outcome in adults.**”* Of the
32 trial comparisons that assessed the effect of pasta in
the context of a low-GI dietary pattern, there were 32
trial ComEarisons for body weight, 18 trial comparisons

- 5 39— — 9 53 : .
for BMLQ/ 28 31-33 35 36 41 43-46 48 49 52 5. 18 trial compari-
27 28 31 33 34 36 38-40 42 44-47 52 53

27 28 31-33 36 38 41 43 53 6 trial
31 39 40 44 45 52

sons for waist circumference,
10 trial comparisons for body fat,
comparisons for waist-to-hip ratio and 3 trial
comparisons for sagittal abdominal diameter.”*** There
was only one trial comparison identified® for visceral
adipose tissue as assessed by imaging modalities, thus a
meta-analysis could not be undertaken for this outcome.

Trial characteristics

Table 1 and online supplementary table S4 show the
characteristics of all included trials of the effect of
pasta in the context of low-GI dietary patterns. The
majority of trials had a parallel design (26/32) with
a median follow-up of 12 weeks (IQR 9-21 weeks)
and a median number of participants per trial of 43
(IQR 21-112). Most participants were middle aged
(median age, 50 years; IQR 40-58 years) men and
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All reports identified through database searching: 4876
(through 07 February, 2017)

MEDLINE: 1621

EMBASE: 2765

The Cochrane Library: 467

Manual Searches: 23

\L Reports excluded by title and

abstract: 2893

Observational: 1114

Review: 769

No diet advice: 297

No GI: 184

Co-intervention: 82

> | Acute: 76

Editorial: 59

Control Inappropriate: 40

Letter/Newsletter: 39

Commentary: 35

Not Randomized: 28

Animal/Cell/Drug: 29

Case-study: 22

Pregnant/Children: 18

Companion paper: 17

v Conference/Abstract: 15
Duplicate: 4

Reports assessed for full review: Not Pasta: 65

233

Total reports after duplicates removed:
3126
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Reports excluded by full review:
201

Not Randomized: 24

No Body Weight: 20
Letter/Newsletter: 21

> | Acute: 18

Co-Intervention: 19

Control Inappropriate/None: 18
Pregnant/Children: 15

v Abstract: 13

Companion paper: 7

Unable to retrieve: 5

Editorial: 5

Total reports included in meta-analysis: 29
Trial comparisons for pasta alone: 0
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Trial comparisons for pasta in the context of low-GI: 32 No GI: 5
Body Weight: 32 Observational: 5
BMI: 18 Duplicate: 3
Waist Circumference: 18 Review: 3
Body Fat: 10 Unusable data (% change):2

Waist-to-Hip Ratio: 6

Sagittal Abdominal Diameter: 3 No Pasta in context of low-GI:21

Figure 1 Literature search. BMI, body mass index; Gl, glycaemic index.
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Table 1 Summary of trial characteristics

Trial characteristics* All Neutral energy balance Negative energy balance
Trial no (n) 32 23 9

Trial size (total, range) 2448 (8-250) 1989 (8-250) 459 (13-123)
Male:femalet (%) 40:60 47:53 27:73

Age (years) 50 (40-58) 52.0 (42.1-59.5) 49.5 (34.2-53.0)
Metabolic phenotype (OW/OB:DM:CHD) (%) 66:31:3 57:39:4 89:11:0

Setting (IP:OP) (%) 3:97 4:96 0:100

Baseline body weight (kg)t

Baseline BMI (kg/m?)§

Study design (C:P) (%)

Dose pasta (servings/week)q|

Gl in pasta/LGl group

Gl in higher-GI group

Calorie reduction in pasta/LGl group (kcal)**
Calorie reduction in higher-Gl group (kcal)**
Feeding control (Met:Suppl:DA) (%)
Follow-up duration (weeks)

Funding sources

85.5 (80.0-91.9)
30.4 (28.2-32.0)
19:81

3.3 (2.3-3.5)

49.0 (44.0-55.1)
62.5 (61.6-63.2)
—179 (-90 to —448)
-181 (-93 to -401)
6:44:50

12 (9-21)
47:9:25:19

84.1 (79.5-87.5)
29.5 (27.4-31.4)
26:74

3.4 (2.9-4.1)

46.5 (49.9-55.5)
63.3 (60.1-64.4)
-165 (-74 to -313)
-160 (-40 to —248)
4:48:48

12 (6-24)
44:13:26:17

92.5 (86.1-93.9)
31.7 (30.1-32.9)
0:100

2.3 (2.3-3.5)

44.0 (42.3-49.4)
61.0 (59.2-66.6)
—447 (-134 to —594)
-470 (-172 to -561)
11:33:56

12 (10-21)
56:0:22:22

(A:l:Al:NR) (%)

*Median (IQR), unless otherwise indicated.

124/32 trials provided data on sex.

130/32 trials reported baseline body weight.

§28/32 trials reported baseline BMI.

9111/32 trials provided data from which dose could be approximated.

**20/32 trials provided data from which to approximate changes in caloric intake.

A, agency; Al, agency and industry; BMI, body mass index; C, cross-over design; CHD, coronary heart disease; DA, dietary advice; DM,
diabetes; Gl, glycaemic index; |, industry; IP, inpatient; LGI, low glycaemic index; Met, metabolic; NR, not reported; OB, obese; OP, outpatient;
OW, overweight; P, parallel design; Suppl, supplemented/provision of certain food.

women (median ratio of men to women, 0.4:1 in avail-
able trials). The median baseline BMI across studies
was 30.4kg/m?* (IQR 28.2-32.0). Regarding metabolic
phenotype, 21 (66%) trials included participants who
were overweight or obese (had a baseline BMI 227 kg/
m?), 10 (31%) had diabetes and one trial (3%) with
coronary heart disease (CHD). We did not retrieve any
trials where participants had a normal BMI at base-
line (£25kg/m?), although six trials did not include
BMI >25kg/m?* as part of criteria, the average base-
line BMI was =27 kg/mg, therefore categorised as
overweight.

Risk of bias

Online supplementary figures S1 and S2 show the indi-
vidual Cochrane Risk of Bias tool assessments for each of
the included trials of the effect of pasta in the context
of low-GI dietary patterns. No serious risk of bias was
detected.

Effect of pasta in the context of low-Gl dietary patterns and
body weight

Figure 2 shows the effect of pasta in the context of low-GI
dietary patterns on the primary outcome body weight.
Pooled analyses showed pasta in the context of low-GI

dietary patterns had the effect of reducing body weight
by —0.63kg (95% CI -0.84 to —0.42kg; P<0.001) compared
with higher-GI control diets with no evidence of hetero-
geneity (I°=0%), P-heterogeneity=0.51).

Effect of pasta in the context of low-Gl dietary patterns on
markers of global adiposity

Figure 3 and online supplementary figures S3-S4 show
the effect of pasta in the context of low-GI dietary patterns
on markers of global adiposity. Pooled analyses showed
that pasta in the context of low-GI dietary patterns had
the effect of reducing BMI by —O.QGkg/m2 (n=18 trials;
MD=-0.26kg/m? 95% CI -0.36 to —0.16kg/m>; P<0.001)
compared with higher-GI control diets with no evidence
of heterogeneity (I*=0%, P-heterogeneity=0.90). There
was no effect on body fat (n=10 trials; MD=-0.01%; 95% CI
-0.58% to 0.56%; P=0.98) with evidence of substantial
heterogeneity (I*=65%, P-heterogeneity <0.01).

Effect of pasta in the context of low-Gl dietary patterns on
markers of abdominal adiposity

Figure 3 and online supplementary figures S5-S7 show
the pooled estimates for the markers of abdominal
adiposity. Pooled analyses did not show a significant
effect of pasta in the context of low-GI dietary patterns

Chiavaroli L, et al. BMJ Open 2018;8:019438. doi:10.1136/bmjopen-2017-019438
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N N %

Study or Subgroup Year (Pastal  (HGI) :Neigh Mean difference (95% CI) Body Weight (kg)

LGI)
Overweight/Obese
Karl et al. 2015 20 19 1.2% -1.50 [-3.39, 0.39] -
Pereira et al. 2015 10 9 3.0% -1.40 [-2.60, -0.20] —_—
Buscemi et al. 2013 19 21 0.1% -1.20 [-7.94, 5.54]
Costa et al. 2012 17 17 7.4% -0.71 [-1.48, 0.06] —
Larsen et al. - HighPro 2010 124 107 3.6% -0.95 [-2.05, 0.15] —
Larsen et al. - LowPro 2010 106 97 4.5% -1.34 [-2.32, -0.36] —_
Jebb et al. - LowFat 2010 117 111 0.6% -1.00 [-3.74, 1.74] .
Solomon et al. 2010 10 12 0.1% 1.20 [-6.60, 9.00]
Jebb et al.-HighMUFA 2010 115 110 0.4% 2.40 [-0.74, 5.54] -
Philippou et al. - 6mnth 2009 22 16 1.4% 0.80 [-0.96, 2.56] e e
Philippou et al. - 4mnth 2009 23 19 3.9% -1.00 [-2.05, 0.05] ——
Philippou et al. 2008 7 6 0.5% -1.60 [-4.42, 1.22] —
Jensen et al. 2008 22 22 0.9% -0.70 [-2.91, 1.51] —_—
Abete et al. 2008 16 16 0.1% -2.19 [-7.99, 3.60]
Aston et al. 2008 19 19 4.9% -0.10 [-1.04, 0.84] —
de Rougemont et al. 2007 19 19 17.3% -0.90 [-1.40, -0.40] -
Sichieri et al. 2007 63 60 6.5% -0.15[-0.97, 0.67] ——
Bellisle et al. 2007 2007 35 30 0.2% 0.50 [-3.98, 4.98]
McMillan-Price et al. - HighCHO 2006 32 32 4.5% -1.10 [-2.08, -0.12] —
McMillan-Price et al. - HighPro 2006 33 32 4.5% 0.90 [-0.08, 1.88] -
Wolever et al. 2002 2002 13 11 0.2% 0.11 [-4.50, 4.72]
Subtotal -0.61 [-0.95, -0.28] [

Heterogeneity: Tau? = 0.13; Chi? = 26.67, df = 20 (P = 0.14); 1> =25%
Test for overall effect: Z = 3.58 (P = 0.0003)

Diabetes
Visek et al. 2014 20 20 0.1% -0.95 [-7.83, 5.93]
Jenkins et al. 2014 70 71 16.7% -0.50 [-1.01, 0.01] -
Jenkins et al. 2012 60 61 9.8% -0.70 [-1.37, -0.03] ——
Yusof et al. 2009 51 49 0.4% -0.19 [-3.64, 3.26] —_
Wolever et al. 2008 55 48 0.2% 2.90 [-1.82, 7.62] —
Jenkins et al. 2008 106 104 6.2% -0.90 [-1.73, -0.07] —
Jimenez-Cruz et al. 2003 14 14 0.0% -0.90 [-13.71, 11.91]¢ >
Heilbronn et al. 2002 24 21 0.3% 0.29 [-3.33, 3.91] P
Fontvieille et al. 1992 18 18 0.2% -0.20 [-4.82, 4.42]
Fontvieille et al. 1988 8 8 0.0% -0.06 [-10.34, 10.22]¢

Subtotal -0.60 [-0.96, -0.24]] ’

Heterogeneity: Tau? = 0.00; Chi? = 3.18, df =9 (P = 0.96); I> = 0%
Test for overall effect: Z = 3.29 (P = 0.001)

CHD
Frost et al. 2004 26 29 0.2% 0.70 [-4.62, 6.02]
Subtotal 0.70 [-4.62, 6.02] *.

Heterogeneity: Not applicable
Test for overall effect: Z = 0.26 (P = 0.80)

Total -0.63 [-0.84, -0.42] (]
l 1 l l
Heterogeneity: Tau? = 0.00; Chi? = 30.14, df =31 (P = 0.51); ?=0% ! ! ! !
Test for overall effect: Z =5.93 (P < 0.00001) -10 -5 0 5 10
Favors Pasta/LGl Favors Higher GI

Figure 2 Forest plot of randomised controlled trials investigating the effects of pasta in the context of low-Gl dietary patterns
on body weight (kg). n=2448. Data are expressed as mean differences represented by a square and 95% Cls by the line through
the square. 95% Cls exceeding the plot’s bounds are represented by an arrowhead. Pooled effect estimates are represented by
diamonds and were estimated with the use of generic inverse variance random effects models. Between-study heterogeneity
was assessed by the Cochran Q statistic, where P<0.10 is considered statistically significant, and quantified by the I? statistic,
where 1°>50% is considered evidence of substantial heterogeneity. CHD, coronary heart disease; CHO, carbohydrate; Gl,
glycaemic index; HGI, higher-glycaemic index diet; LGl, low-glycaemic index diet; MUFA, monounsaturated fatty acid; Pro,
protein.
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Outcome # N N Mean difference (95% ClI)
trials (Pastal/LGl) (HGI)
Body Weight (kg) 32 1294 1228 -0.63 [-0.84, -0.42] ——
Heterogeneity: Tau? = 0.00; Chi? = 30.14, df =31 (P = 0.51); 7= 0%
Test for overall effect: Z =5.93 (P < 0.00001)
BMI (kg/m?) 18 551 538 -0.26 [-0.36, -0.16] -
Heterogeneity: Tau? = 0.00; Chi? =10.09, df = 17 (P = 0.90); I> = 0%
Test for overall effect: Z=5.29 (P < 0.00001)
Body Fat (%) 10 176 165 -0.01 [-0.58, 0.56]
Heterogeneity: Tau? = 0.47; Chi? = 25.41, df = 9 (P = 0.003); I = 65%
Test for overall effect: Z=0.02 (P = 0.98)
Waist Circumference (cm) 18 717 624 -0.46 [-1.05, 0.14] ¢
Heterogeneity: Tau? = 0.78; Chi? = 44.49, df = 17 (P = 0.0003); I* = 62%
Test for overall effect: Z=1.50 (P =0.13)
Waist-to-Hip Ratio 6 223 222 -0.00 [-0.01, 0.00] 14
Heterogeneity: Tau? = 0.00; Chi? = 4.17, df =5 (P = 0.52); 1> = 0%
Test for overall effect: Z=1.11 (P = 0.27)
Sagittal Abdominal Diameter 3 237 214 -0.09 [-0.34, 0.16] R S
(cm)
Heterogeneity: Tau? = 0.00; Chi? = 0.16, df =2 (P = 0.92); I> = 0%
Test for overall effect: Z=0.71 (P = 0.48)
-15 -1 -0.5 0 0.5 1

Favors Pasta/LGl Favors Higher Gl

Figure 3 Plot of the pooled effect estimates from randomised controlled trials investigating the effects of pasta in the context
of low-Gl dietary patterns on global and abdominal markers of adiposity. Pooled effect estimates are represented by diamonds
and were estimated with the use of generic inverse-variance random-effects models. Between-study heterogeneity was
assessed by the Cochran Q statistic, where P<0.10 is considered statistically significant,and quantified by the I? statistic where
1> >50% is considered evidence of substantial heterogeneity. BMI, body mass index; Gl, glycaemic index; HGI, higher-glycaemic

index diet; LGlI, low-glycaemic index diet.

compared with higher-GI control diets on waist circum-
ference (n=18 trials, MD=-0.46cm, 95%CI -1.05 to
0.14 cm; P=0.13), waist-to-hip ratio (n=6 trials, MD=-0.00,
95% CI -0.01 to 0.00; P=0.27) or sagittal abdominal diam-
eter (n=3 trials, MD=-0.09cm, 95% CI -0.34 to 0.16cm;
P=0.48). There was only evidence of substantial hetero-
geneity in the analyses for waist circumference (I*=62%,
P-heterogeneity <0.01).

Sensitivity analyses

We conducted four sets of sensitivity analyses
(online supplementary tables S5-6, S8-9). The systematic
removal of each trial did not modify the direction or signif-
icance of the effect estimates or the evidence of heteroge-
neity for any of the outcomes with the exception of waist
circumference (online supplementary table S5). In the
sensitivity analysis for waist circumference, two studies
were influential studies in that their removal altered the

magnitude of the pooled effect in the remaining studies
by >10%, where the removal of the studies of McMil-
lan-Price et al (high protein comparison)* and Jenkins
et al** rendered the results for waist circumference statis-
tically significant (MD=-0.62cm, 95% CI -1.19 to -0.05,
P=0.03 and MD=-0.61 cm, 95% CI -1.18 to —0.04, P=0.04,
respectively; forest plots not shown). Heterogeneity
remained significant in both cases (12=55%, P-heteroge-
neity <0.0land 12:50%, P-heterogeneity=0.01, respec-
tively). Sensitivity analyses using correlation coefficients
of 0.25 and 0.75 for paired analyses of cross-over trials also
did not modify the results (online supplementary table
S6). In the sensitivity analyses where fixed-effects models
were applied (online supplementary figure S8), the direc-
tion, magnitude and significance of the pooled estimates
were very similar to those produced by the random-effects
models with the exception of the sensitivity analysis for
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waist circumference, which was significant (MD=-0.62,
95% CI -0.93 to —0.32; P<0.001). Finally, restricting anal-
yses to the 11 trials for which pasta intake could be quan-
tified (median pasta intake, 3.33 servings/week (range,
1.75-7 servings/week)) showed a similar reduction in
body weight (MD=-0.70kg, 95%CI -1.10 to -0.29kg;
P<0.001) when pasta was consumed in the context of
low-GI dietary patterns compared with the higher-GI
control arms without evidence of heterogeneity (I°=0%,
P-heterogeneity=0.68) (online supplementary figure S9).

Subgroup analyses

We were only able to conduct a priori categorical and
continuous subgroup analyses for body weight, BMI, body
fat and waist circumference. Subgroup analyses for waist-
to-hip ratio and sagittal abdominal diameter could not
be assessed, owing to <10 trial comparisons in each case.
Online supplementary figures S10-S12 show the categor-
ical a priori subgroup analyses for body weight. There
was no evidence of significant effect modification in any
of the subgroup analyses for body weight, including no
effect modification of follow-up when comparing studies
less than 24 weeks’ duration to those greater than or
equal to 24 weeks (-0.63kg vs —-0.57kg, respectively)
(online supplementary figure S10). Neither was there
evidence of significant effect modification in any of the
subgroup analyses for BMI, body fat or waist circumfer-
ence (online supplementary figures S13-20).

Online supplementary table S7 and figures S21-S22
show the continuous subgroup analyses for body weight.
There was evidence of significant effect modification
by carbohydrate and protein intake, where an increase
in carbohydrate intake in the intervention group in
which pasta was consumed in the context of low-GI
dietary patterns was associated with weight loss (=-0.07,
95% CI -0.12 to —0.01, I’=0.00%, P=0.02), and an increase
in protein intake in the intervention group in which pasta
was consumed in the context of low-GI dietary patterns
was associated with weight gain ($=0.15, 95% CI 0.03 to
0.27, 1°=0.00%, P=0.02). None of the other continuous
subgroup analyses were significant. There was no evidence
of significant effect modification in any of the contin-
uous subgroup analyses for BMI (online supplementary
table S8). For body fat, there was evidence of significant
effect modification in the continuous meta-regression
subgroup analysis of difference in GI between interven-
tion and control groups, where greater difference in GI
between the groups was associated with greater reduction
in body fat in the intervention group (f=-0.09, 95% CI
-0.15 to —-0.03, 1’=19.39%, P=0.01) (online supplemen-
tary table S9). None of the other continuous subgroup
analyses were significant. For waist circumference,
there was evidence of significant effect modification in
the continuous meta-regression subgroup analysis of
absolute carbohydrate level and absolute protein level,
where greater carbohydrate level in the intervention
group in which pasta was consumed in the context of
low-GI dietary patterns was associated with greater loss

in waist circumference (=-0.11, 95% CI -0.19 to —0.04,
°=27.06%, P<0.01) and a lower protein level in the
intervention group in which pasta was consumed in the
context of low-GI dietary patterns was associated with an
increase in waist circumference (B=0.20, 95% CI 0.01 to
0.38, 1°=43.92%, P=0.04) (online supplementary table
S10). None of the other continuous subgroup analyses
were significant.

Dose-response analyses

Online supplementary tables S7, S11 and figure S23 show
the dose-response analysis for the 11 trials for which pasta
intake could be quantified. No evidence of a linear dose
response was seen for pasta intake by meta-regression
analyses (online supplementary table S8). There was also
no evidence of a non-linear dose response by MKSPLINE
(P=0.85) (online supplementary figure S23) or piecewise
linear meta-regression analyses (online supplementary
table S11).

Publication bias

Online supplementary figures $24-S27 shows the funnel
plots for body weight, BMI, body fat and waist circumfer-
ence. There was no evidence of funnel-plot asymmetry.
Formal testing with the Egger and Begg tests did not show
evidence of small-study effects (P>0.05 for both). Publica-
tion bias was not assessed for waist-to-hip ratio and sagittal
abdominal diameter, owing to <10 trial comparisons.

GRADE assessment

Online supplementary table S12 shows a summary of the
GRADE assessments for the effect of pasta in the context
of low-GI dietary patterns on body weight and measures
of adiposity. The evidence was graded as moderate for
body weight, BMI, waist-to-hip ratio and sagittal abdom-
inal diameter, owing to a downgrade for indirectness,
and low for waist circumference and body fat, owing to
downgrades for indirectness and inconsistency (I*=59%,
P-heterogeneity <0.001; 1°=66%, P-heterogeneity <0.01,
respectively).

DISCUSSION

The present systematic review and meta-analysis was
undertaken to quantify the effect of pasta alone and pasta
in the context of low-GI dietary patterns on body weight
and other markers of adiposity. We failed to identify any
trial comparisons for the effect of pasta alone but did
identify 32 trial comparisons for the effect of pasta in the
context of low-GI dietary patterns in 2448 participants
who were predominantly middle-aged and overweight
or obese. The primary pooled analysis demonstrated
that pasta in the context of low-GI dietary patterns did
not contribute to weight gain, resulting in a significant
weight loss of -0.63 kg when compared with diets higher
in GI over a median follow-up of 12 weeks. The lack of
harm was reflected in the established clinical secondary
outcome measures of global (BMI and body fat) and
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abdominal adiposity (waist circumference, waist-to-hip
ratio and sagittal abdominal diameter). These findings
were robust across subgroups. The findings did not differ
by metabolic phenotype in those who were overweight or
obese or had diabetes, which is noteworthy since these
are populations who would benefit from weight manage-
ment strategies. There was also no effect modification by
the energy balance of the design such that the weight loss
was seen even under conditions of neutral energy balance
(in which participants were instructed to consume dietary
advice ad libitum), suggesting that encouragement of the
consumption of pasta in the context of a low-GI dietary
patterns does not cause harm and may even lead to spon-
taneous weight loss. There was also no effect modification
by follow-up either in continuous meta-regression or cate-
gorical, where the 24 trials with <24 weeks’ follow-up had
a weight reduction similar to those eight trials with >24
weeks’ follow-up (-0.63kg vs —0.57kg, respectively). This
finding is of particular relevance since many dietary
studies are successful in demonstrating weight loss in the
short term but not over the long term.

Findings in the context of existing studies

We are not aware of any RCTs directly assessing the effect
of pasta intake on any health parameters including body
weight. Our findings, however, agree with earlier system-
atic reviews and meta-analyses of RCTs of the effect of
low-GI dietary patterns irrespective of pasta intake on
body weight and adiposity. The systematic review and
meta-analysis by Thomas et alin 2007 found a significant
~1.1kg weight loss and -1.3kg/m® reduction in BMI
favouring low-GI or glycaemic load (GL) diets compared
with control diets in six RCTs of 5 weeks to 6 months in
duration in overweight or obese individuals."” Another
systematic review and meta-analysis by Schwingshackl
and Hoffmann in 2013 found a -0.62kg weight loss
favouring low-GI/GL diets compared with higher GI/GL
diets in 14 RCTs with greater than 6 months’ duration in
overweight individuals (BMI >25kg/m?)."*

Our findings also agree with trials in which pasta
was emphasised in the context of other healthy dietary
patterns. One trial done in children in Spain given Medi-
terranean dietary advice which included increasing the
intake of pasta found that approximately 11.3% of the
participants in the Mediterranean diet group who were
classified as overweight and obese changed their weight
status to normal weight compared with only approxi-
mately 2.6% of the participants in the control group.”

Other lines of evidence from observational studies have
demonstrated benefits of pasta consumption on body
weight and adiposity. Pasta intake was recently assessed in
the Moli-sani study and the Italian Nutrition and Health
Survey, a cross-sectional study of over 20 000 Italians
from all over Italy.”® The study demonstrated that higher
pasta consumption was associated with lower BMI, waist
circumference and waist-to-hip ratio and with a lower
prevalence of overweight and obesity.”® Furthermore,
greater pasta intake was associated with better adherence

to the Mediterranean diet, a dietary pattern which has a
demonstrated cardiovascular benefit.”” Similar associa-
tions between greater pasta intake and lower body weight
have also been observed in prospective US cohorts.”® A
pooled analysis of the three Harvard cohorts also showed
that higher-GI diets (which would preclude pasta) were
associated with weight gain.”

Although the product form of pasta can vary widely,
including in shape (eg, macaroni, spaghetti, linguine),
ingredients (eg, type of wheat, egg content) and
processing technique (eg, drying temperature), studies
have demonstrated that when comparing pastas varying
in these parameters, despite slight variations in glycaemic
response among pastas, glycaemic responses are still lower
compared with a control, for example, white bread.” !
One concern of the choice of pasta as a carbohydrate
food is that is it a refined food low in fibre. Although
there are whole-grain pasta options available, studies have
demonstrated that fibre added to pasta does not signifi-
cantly affect the glucose or insulin response, the secretion
of gut hormones or satiety.” ® Furthermore, pasta has a
similar GI compared with many fibre-rich carbohydrates,
including barley, legumes and steel cut oats, and still a
lower GI compared with other fibre-rich foods including
whole-wheat bread, breakfast cereals like bran flakes and
potatoes with skin.”* The typically consumed white wheat
pasta also has a higher micronutrient content compared
with other white wheat products like bread since it
contains the aleurone layer, which is preserved as a result
of the use of harder wheats (durum wheat); even when
durum wheats are used in breads, pasta retains a lower
glycaemic response primarily because of the processing
techniques used in pasta making, which give pasta a
compact structure and reduced starch hydrolysis.”'

The mechanism by which pasta in the context of
low-GI dietary patterns lead to weight loss even under
conditions of ad libitum dietary advice is unclear.
Lower-GI diets may result in greater body weight
reduction compared with higher-GI diets because
lower-GI foods have been shown to be more sati-
ating®™ and delay hunger and decrease subsequent
energy intake."”” Low-GI dietary patterns are also
characterised by high fibre content,’ ® which may
contribute to improvements in satiety and hunger.'’
Furthermore, studies that have compared ad libitum
low-GI dietary patterns with standard energy-restricted
low-fat diets have demonstrated similar or better
weight loss with low-GI dietary patterns, despite the
fact that participants were free to consume as much
as they desired.” ®” Thus, voluntary energy intake may
be lower after low-GI meals, as has been previously
demonstrated.”

Strengths and limitations

The strengths of the present systematic review and
meta-analysis include that it is comprehensive, includes
RCTs, a design which provides the best protection against
bias, and uses the GRADE approach to evaluate the
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quality of evidence. Additionally, a large number of trials
were identified (32 trials) for the primary outcome of
body weight; the median follow-up period was 12 weeks,
which allows for the assessment of a moderate duration
of intervention; none of the trials were rated as having a
serious risk of bias; and there was no evidence of publica-
tion bias.

There are several limitations. First, we downgraded
the certainty of the evidence for serious inconsistency
in the treatment estimates across trials for some of the
outcomes assessed. There was evidence of unexplained
heterogeneity in waist circumference (I°=62%) and
in body fat (I°’=65%). Although the inconsistency in
these outcomes may have related to measurement
error” in the different techniques for measuring
waist circumference and body fat, we were unable to
conduct sensitivity or subgroup analyses to explore
this source of heterogeneity. Second, we downgraded
the certainty of the evidence for serious indirectness.
Most of the available trials did not quantify the amount
of pasta consumed in the context of the low-GI dietary
patterns. Although sensitivity analyses in which anal-
yses were restricted to the 11 trials that did quantify
(providing a median 3.33 servings/week) pasta intake
did not meaningfully alter our estimates (-0.70kg vs
-0.63kg), it is difficult to quantify the effect of pasta in
these diets. There is also the question of indirectness
in the translation to other background diets. None of
the available trials evaluated the effect of pasta alone
or in the context of other dietary patterns. Whether
the observed effect of pasta in the context of low-GI
dietary patterns will hold in the context of other
healthy dietary patterns, such as Mediterranean and
vegetarian dietary patterns, is unclear. Although there
is no biological reason to doubt that the findings would
hold across different dietary patterns, there was no
direct evidence to support this conclusion. If the ques-
tion had been asked from the perspective of benefit
as opposed to that of harm, then the moderate dura-
tion of the included trials might be another reason to
downgrade for serious indirectness. In the absence of
long-term trials (>l-year diet duration), it is difficult
to conclude with certainty that there is a sustainable
weight loss benefit of consuming pasta. Finally, there
was some evidence of imprecision for benefit but not
harm. Whereas the 95% CI of the pooled estimates did
not overlap with our prespecified MID for harm (that
is, they did not contain evidence for harm) and so were
not downgraded for imprecision, the upper bound of
the 95% CI did overlap with the lower margin of the
same MID to assess the precision of the evidence for
benefit for some outcomes.

Balancing these strengths and limitations, the GRADE
approach assessed the overall certainty of the available
evidence as moderate for the primary outcome of body
weight and the secondary outcomes of BMI, waist-to-hip
ratio and sagittal abdominal diameter, owing to down-
grades for indirectness. The evidence was assessed as low

for the other secondary outcomes of body fat and waist
circumference, owing to downgrades for indirectness and
inconsistency.

Implications

These results are important given the negative
messages with which the public has been inundated
regarding carbohydrates, messages which appear to be
influencing their food choices, as evidenced by recent
reductions in carbohydrate intake,”"? especially in
pasta intake.”’ 7% Contrary to these concerns, the
available evidence shows that when pasta is consumed
in the context of low-GI dietary patterns, there is no
weight gain but rather marginally clinically significant
weight loss (>0.5kg).”’

Although we were able to approximate the amount
of pasta consumed in one-third of included trials, it is
unclear what the effect of pasta would be in the context
of other dietary patterns. A Low-GI dietary pattern,
however, shares many similarities with a Mediterranean
dietary pattern, which emphasises many low-GI foods and
has demonstrated a cardiovascular benefit.”’

Current clinical practice guidelines already suggest
the replacement of high-GI foods with low-GI foods
for improvement of glycaemic control and cardiovas-
cular risk factors.” ™ The present evidence means that
pasta may be highlighted as an important example of
a low-GI food that can contribute to a low-GI dietary
pattern, a pattern which in turn may potentially
improve cardiometabolic risk without an adverse effect
on weight control.

CONCLUSIONS

In conclusion, the available evidence from RCTs does not
allow us to conclude that pasta consumed in the context
of low-GI dietary patterns has an adverse effect on body
weight and adiposity outcomes of importance in the
prevention and management of overweight and obesity.
On the contrary, pasta in the context of low-GI dietary
patterns reduces body weight and BMI compared with
higher-GI dietary patterns. The results are generalisable
in the context of a high carbohydrate dietary pattern
composed of low-GI foods with or without the intention
of weight loss in middle-aged individuals who are over-
weight or obese or have diabetes. Although the clinical
significance of the observed weight loss is debatable, this
finding increases our confidence that pasta in the context
of low-GI dietary patterns does not result in weight gain.
Further research is needed to improve our estimates.
There is also a need for more randomised trials of >1-year
diet duration to clarify whether the lack of harm for pasta
in the context of low-GI dietary patterns will translate into
meaningful long-term benefits. Other randomised trials
should focus on whether pasta will have similar effects in
the context of other ‘healthy’ dietary patterns such as a
Mediterranean diet.
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