Nut intake and adiposity: meta-analysis of clinical trials
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ABSTRACT

Background: Epidemiologic studies have shown an inverse as-
sociation between the frequency of nut consumption and body
mass index (BMI) and risk of obesity. However, clinical trials that
evaluated nut consumption on adiposity have been scarce and
inconclusive.

Objective: We performed a systematic review and meta-analysis of
published, randomized nut-feeding trials to estimate the effect of
nut consumption on adiposity measures.

Design: MEDLINE and the Cochrane Central Register of Con-
trolled Trials databases were searched for relevant clinical trials
of nut intake that provided outcomes of body weight, BMI (in
kg/m?), or waist-circumference measures and were published before
December 2012. There were no language restrictions. Two investi-
gators independently selected and reviewed eligible studies. The
weighted mean difference (WMD) between nut or control diets
was estimated by using a random-effects meta-analysis with 95%
Cls.

Results: Thirty-three clinical trials met our inclusion criteria.
Pooled results indicated a nonsignificant effect on body weight
(WMD: -0.47 kg; 95% CI: —1.17, 0.22 kg; I* = 7%), BMI (WMD:
—0.40 kg/m?; 95% CI: —0.97, 0.17 kg/m?; I = 49%), or waist
circumference (WMD: —1.25 cm; 95% CI: -2.82, 0.31 cm; P =
28%) of diets including nuts compared with control diets. These
findings were remarkably robust in the sensitivity analysis. No
publication bias was shown.

Conclusion: Compared with control diets, diets enriched with nuts
did not increase body weight, body mass index, or waist circum-
ference in controlled clinical trials. Am J Clin Nutr 2013;97:
1346-55.

INTRODUCTION

Nuts are energy-dense foods because they contain =50% fat,
most of which is in the form of MUFAs, except walnuts, in
which PUFAs predominate (1). Nuts are also rich in dietary fiber
(2) besides many other bioactive nutrients and phytochemicals,
and there is increasing scientific evidence that the incorporation
of nuts into healthy diets is beneficial for heart health (3). Re-
sults from observational studies have consistently shown that
frequent nut consumption relates inversely to fatal and nonfatal
coronary heart disease and sudden cardiac death (4). Recent
findings from epidemiologic studies suggested that frequent nut
consumption is associated with lower mortality rates (5, 6).
Limited evidence from observational studies has also suggested
that nut consumption protects against the development of di-
abetes in women (7, 8) or hypertension in men (9). A recently
published pooled analysis of 25 feeding clinical trials that used
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different types and amounts of nuts supported a consistent
cholesterol-lowering effect of nut consumption (10). In addition,
clinical trials have shown that diets supplemented with nuts have
beneficial effects on other cardiovascular risk factors, reducing
inflammation, and oxidative stress (11) and ameliorating insulin
resistance or endothelial dysfunction (12). Recently, nut sup-
plementation has also been shown to improve glycemic control
in patients with type 2 diabetes (13).

Despite these findings, because nuts are energy-dense foods
with a high-fat content (1), there is still a widespread perception
that their consumption leads to unwanted increases in body
weight and higher long-term risk of developing overweight or
obesity. This perception poses a constraint to the recommen-
dation of nut consumption as a strategy to help prevent car-
diovascular diseases. However, different cross-sectional and
prospective epidemiologic studies indicated an inverse associa-
tion between the frequency of nut consumption and BMI (in
kg/mz) and risk of obesity (7, 14-16). In addition, several
metabolic studies and short-term controlled feeding trials have
supported that the addition of nuts to usual diets does not induce
weight gain, despite an expected increase in energy intake (17).
Because the magnitude of the effect of nut consumption on
adiposity measures has not been comprehensively evaluated
previously, we systematically reviewed all scientific literature
published before December 2012 for results of randomized
clinical trials in which nut-rich diets were compared with dif-
ferent control diets and adiposity measures such as body weight,
BMLI, or waist circumference were reported.
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METHODS

Search strategy

We searched MEDLINE (http://www.ncbi.nlm.nih.gov/pubmed)
and the Cochrane Central Register of Controlled Trials (http://www.
thecochranelibrary.com/view/0/index.html) that reported the effects
of nut diets compared with control diets on weight change by
using the free-text and Medical Subject Headings terms nuts,
hazelnut, walnut, almond, pecan, macadamia, peanut, pistachio,
cholesterol, hypercholesterolemia, dyslipidemia, triglycerides,
hypertension, blood pressure, diabetes mellitus, glucose, obesity,
overweight, body mass index, waist circumference, and meta-
bolic syndrome. The search period was all-inclusive until De-
cember 2012. There were no language restrictions. In addition,
we manually reviewed reference lists from relevant original
research and review articles.

Study selection

We included all clinical trials with either a parallel or a
crossover design that were conducted in adults aged =18 y that
assessed a nut-enriched diet and reported anthropometrical
outcomes (body weight, BMI, or waist circumference). Exclu-
sion criteria were as follows: /) no original research (reviews,
editorials, or nonresearch letters); 2) case reports and case se-
ries; 3) data on body weight, BMI, or waist circumference not
clearly reported; and 4) the absence of a comparator diet. Ethical

Records identified through database
searching
(n =1668)

Hand search. (n = 5)

Records screened
(n=1673)

|

1347

approval was not required because only published data were
analyzed in this review. The study-selection process is summa-
rized in Figure 1.

Data extraction and quality assessment

Two investigators (DR-R and GF-M) independently abstracted
articles that met the selection criteria and resolved discrepancies
by consensus. Study outcomes included means (*SDs) for body
weight, BMI, and waist circumference. These values were cap-
tured as mean changes from baseline to the end of intervention
(with variations reported as SDs, SEs, or 95% CIs). When there
were several publications from the same cohort, the study with
the longest follow-up was selected; when the follow-up was
equivalent, we selected the study with the largest number of
cases, the publication that used internal comparisons, or the
most recent study. For study assessment, one of the investigators
abstracted data on the study design, setting, country of origin,
sex, average age of participants, number of participants, type
and amount of nuts consumed, length of the intervention, and
number of individuals who consumed nut-enriched diets and
control diets. To assess study quality, we used the Cochrane
quality assessment of randomized controlled trials (18). Each of
the criteria was categorized as clearly yes, not sure, or clearly
no. Criteria for which there were differences between the 2
evaluators were discussed until a joint decision was reached.
A score between 0 and 24 was given to perform a subgroup

l

Full-text articles assessed
for eligibility
(n=87)

A J

Y

Final reports included in
the meta-analysis
(n = 33)

Studies excluded after title and
abstract screening
(n =1586)

Studies excluded by inclusion criteria
Participants” age <18 y (n=2)
NoRCT (n=28)

Datanot cleatly reported (n= 9)
Review (n=35)

Notnut as the intervention (n = 30)

FIGURE 1. Flow diagram of the study-selection process. RCT, randomized controlled trial.
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Body weight (kg)

Study %

D WMD (95% CI) Weight
'

Combination nuts 1

Jenkins 1997 (20) 4 -0.40 (-14.81, 14.01) 0.23

Chisholm 2005 (51) 0.00 (-6.08, 6.08) 1.28

Razquin 2010 (34) - -0.02 (-0.75, 0.71) 34.63

Casas-Agustench 2011 (37) —— -0.70 (-2.16, 0.76) 16.10

Subtotal (I-squared = 0.0%, p = 0.880) < -0.15 (-0.80, 0.49) 5225
1

Peanut !

O'Byrne 1997 (21) & l -3.10 (-9.96, 3.76) 1.01

Subtotal (I-squared = %, p =) —Cr'_‘:'— -3.10 (-9.96, 3.76) 1.01

Almonds :

Spiller 1998 (39) T 1.00 (-7.94, 9.94) 0.60

Jenkins 2002 (23) -0.40 (-7.26, 6.46) 1.01

Sabaté 2003 (38) * -0.30(-7.78,7.18) 0.85

Jenkins 2003 (24) -0.10(-9.39, 9.19) 0.56

Wien 2003 (25) —_—— | -7.44 (-10.34, -4.54) 5.22

Lamarche 2004 (43) =& 0.80 (-7.37, 8.97) 0.72

Hollis 2007 (28) an s 0.80 (-4.86, 6.46) 1.47

Wien 2010 (47) 4 0.90 (-5.07, 6.87) 1.33

Foster 2012 (50) e 2.20 (-0.57, 4.97) 5.66

Subtotal (I-squared = 68.1%, p = 0.001) <==- -0.58 (-3.86, 2.70) 17.41

Walnut :

Zamboén 2000 (22) _'I.'_ -0.20 (-4.78, 4.38) 222

Almario 2001 (41) 1 4 1.20 (-8.02, 10.42) 0.56

Ros 2004 (26) : 0.20 (-6.33, 6.73) 1.11

Tapsell 2004 (27) 7 -1.68 (-9.64, 6.28) 075

Sabaté 2005 (44) ¢ 0.90 (-4.79, 6.59) 146

Mukuddem-Petersen 2007 (30) T P 0.29 (-9.29, 9.87) 0.52

Spaccarotella 2008 (46) T 0.90 (-7.07, 8.87) 0.75

Olmedilla-Alonso 2008 (31) ——— -0.19 (-4.02, 3.64) 312

Tapsell 2009 (33) = -0.70 (-11.29, 9.89) 0.43

y oo —_—— -0.60 (-2.30, 1.10) 12.87

Subtotal (I-squared = 78.4%, p < 0.001) <> 10,34 (1,66, 0.97) 5379
[

Pistachio '

Sheridan 2007 (29) 1 0.00 (-7.14, 7.14) 0.93

Gebauer 2008 (32) ! -0.10 (-8.49, 8.29) 0.68

Subtotal (I-squared = 0.0%, p = 0.986) <:__"_‘—'-._.—-— -0.04 (-5.48, 5.40) 1.61

Cashew :

Mukuddem-Petersen 2007 (30) ¥ 0.34 (-8.79, 9.47) 0.57

Subtotal (I-squared =.%, p =) —<t} 0.34 (-8.79, 9.47) 0.57

. 1

Hazelnut 1

Mercanligil 2007 (45) —_— -0.40 (-4.09, 3.29) 3.35

Subtotal (I-squared =.%, p=.) —_— -0.40 (-4.09, 3.29) 3.35

: 1

Overall (I-squared = 7.1%, p = 0.358) < -0.47 (-1.17,0.22) 100.00

NOTE: Weights are from random effects analysis :

-15 0 15

Nuts reduce body weight

Nuts increase body weight

FIGURE 2. Meta-analysis of the net change (kg) in body weight associated with nut-enriched diets expressed as the change during the intervention with nut
products minus the change during the control diet. The area of each square is proportional to the inverse of the variance of the WMD. Horizontal lines
represent 95% Cls. Diamonds represent pooled estimates from inverse-variance—weighted random-effects models. ID, identification; WMD, weighted mean

difference.

analysis of quality (O denoted noncompliance with any criteria,
and 24 denoted the fulfillment of all criteria).

Statistical methods

The estimate of the principal effect was defined as the mean
difference (net change in kilograms, kilograms per meter squared, or
centimeters) in body weight, BMI, or waist circumference between
participants assigned to nut-enriched and control diets. SE and CIs
were converted to SDs for analyses. Clinical trials were analyzed

according to the intention-to-treat principle. Weighted mean dif-
ferences (WMDs) were estimated by using random-effects models
because high heterogeneity was shown.

Heterogeneity was quantified with the 7 statistic, which de-
scribes the proportion of total variation in study estimates as a
result of heterogeneity (19). To explore sources of heterogeneity,
we performed subgroup analyses and metaregression to evaluate
whether results were different by the duration of intervention
(=24 or <24 wk), including energy restriction (yes or no), study
design (parallel or crossover trial), quality of the study, and type



0.282
.031

P
%
0
83
0
28
0

Waist circumference
WMD (95% CI)
cm

—0.65 (-2.44, 1.14)
—2.47 (-7.10, 2.12)
-5.00 (-8.22, —1.78)
-0.49 (-1.81, 0.83)
—1.25 (-2.82, 0.31)
0.511 (-5.29, 6.31)

n
3
2
1
4
5
1

0.904
0.004
0.801

12
%
0
84
0
0
70
0

BMI

WMD (95% CI)
kg/m?

-0.18 (-0.66, 0.31)
-0.78 (-2.19, 0.63)
-2.50 (-3.32, -1.67)
-0.08 (-0.45, 0.28)
-0.19 (-0.76, 0.38)
-0.55 (-1.48, 0.37)
-0.14 (-0.93, 0.64)

9
5
1
13
7
7
7

0.788
0.046
0.282

P
0
0
0
0
0
0
1

%

Body weight

WMD (95% CT)
kg
-0.39 (~1.29, 0.51)
~1.24 (-3.85, 1.36)
2.61 (~12.1, 6.84)
-0.18 (-0.76, 0.37)
—1.65 (-4.13, 0.83)
~0.03 (-0.62, 0.56)
-0.17 (~1.70, 1.36)

n
20

8

2
26
11
17
15

Randomized crossover

Randomized parallel
Quality

=24 wk

Energy restriction

No energy restriction
Study design

<14 points

<24 wk
Study focus

Stratified WMD for body weight, BMI, and waist circumference’

Time of follow-up

TABLE 2

NUT INTAKE AND BODY WEIGHT 1351

E | %‘% of nut diet (nuts added to diet or nuts that partially replaced

S S other fatty foods). We assessed the relative influence of each
study on pooled estimates by omitting one study at a time. Fi-

o o nally, we assessed the publication bias by using Egger’s test and

0 a funnel plots. Statistical analyses were performed with STATA
software (version 11; StataCorp LP).

2 =g

S &S RESULTS

5 s3 .

SRR Study selection

g ;rj § The search strategy retrieved 1668 articles from different

7 g4 sources. We excluded 1586 publications on the basis of titles and

abstracts and 54 articles after a full-text review, which left 33
clinical trials for final inclusion in the meta-analysis (20-52)

¥ oA (Figure 1) (Table 1). One study contributed with 2 articles (31,
36). We used body weight data from the study of Olmedilla-

- < Alonso et al (31), but because this report did not include BMI

S & measurements, we took BMI data from the publication of

< < Canales et al (36). In most of the studies, nuts were used in
isocaloric diets to replace other food items with high energy

T ow density. Only 2 studies included energy restriction (25, 53). The
length of follow-up ranged from 2 (20) to 156 (34) wk.

SN Meta-analysis of nut intake and adiposity changes

(=] S o .

g o9 Body weight

T 9T Data from a total of 1806 participants were analyzed in 28

: =g clinical trials (20-34, 37-39, 4148, 51). There was no signifi-

S 39 cant difference in body weight changes between nut-enriched

and control diets (WMD: -0.47 kg; 95% CI: —1.17, 0.22 kg; P=
7%) (Figure 2).

N A metaregression and subgroup analysis (Table 2) showed
) that energy restriction (P = 0.046) significantly influenced
- g pooled estimates. A nonsignificant reduction in body weight in
a 8 § the nut group was shown in studies that imposed an energy re-
< Sl E striction (WMD: —2.61 kg; 95% CI: -12.1, 6.84 kg; I = 0%)
g (Table 2). Furthermore, in studies without an energy restriction,
z ool E no significant effect of nut-enriched diets was observed (WMD:
g -0.18 kg; 95% CI: —0.70, 0.37 kg; I* = 0%).
= Other sources of heterogeneity investigated, such as the
g =24 s follow-up of the study (P = 0.788), study design (P = 0.282), trial
S oSS % quality (P = 0.582), and type of intervention (P = 0.080), did not
4 €3|3 influenced pooled estimates. Funnels plot showed reasonable
T TI| € symmetry and a nonsignificant Egger’s test for publication bias
L 83 % (P =0.609), which suggested no evidence of publication bias in
T T2 clinical trials of nut-enriched diets and body weight (see Figure
% S1 under “Supplemental data” in the online issue). In the sen-
- e i sitivity analysis, the exclusion of individual studies did not
- ——|E substantially modify estimates.
z
@ 3 BMI
E g g Data from a total of 1057 participants were analyzed in 14 clinical
E gl trials (21, 25, 27, 29, 34-36, 40, 41, 45, 47, 48, 52, 54). Pooled
_ 8 = § results indicated a nonsignificant reduction in BMI when subjects
“ L § 2| g consumed a nut-rich diet compared with a control diet (WMD:
Es5E& ;5‘ —0.40 kg/m*; 95% CI: —0.97, 0.17 kg/m?; I? = 49%) (Figure 3). We
ol éé Q performed a metaregression and subgroup analysis to explore
I g 22" sources of heterogeneity (Table 2). Nut consumption had greater
= effect on BMI (—2.50 compared with —0.08) when assessed
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Body mass index (kg/mz)

Study %
ID WMD (95% ClI) Weight
Combination nuts s |
Razquin 2010 (34) :—0— 0.10 (-0.53,0.73) 14.06
Subtotal (l-squared =.%,p=.) ﬁ> 0.10 (-0.53, 0.73) 14.06
. 1
Peanut 1
O'Byrne 1997 (21) + + -1.20 (-4.05, 1.65) 3.25
Subtotal (I-squared = .%, p=.) ——— ; -1.20 (-4.05, 1.65) 3.25
Almonds :
Wien 2003 (25) —_—— 1 -2.50 (-3.33, -1.67) 12.50
Wien 2010 (47) -+ -0.30 (-2.35, 1.75) 5.33
Li 2011 (53) —t 0.09 (-1.92, 2.10) 5.47
Subtotal (I-squared = 75.3%, p = 0.018) —-i_—__':'—:b-— -1.09 (-2.96, 0.77) 23.30
Walnut :
Almario 2001 (41) T g 0.30 (-2.96, 3.56) 2.61
Tapsell 2004 (27) t -0.66 (-2.82, 1.50) 4.96
Sabaté 2005 (44) + * 0.30 (-1.12,1.72) 8.32
Schutte walnut 2006 (35) : 1 0.10 (-3.32, 3.52) 2.40
Canales 2007 (36) - -0.20 (-2.30, 1.90) 5.16
Ma 2010 (48) —_—r -0.30 (-1.00, 0.40) 13.57
Subtotal (I-squared = 0.0%, p = 0.974) > -0.19 (-0.76, 0.37) 37.01
. 1
Pistachio !
Kocyigit 2006 (52) : * 0.20 (-3.19, 3.59) 2.44
Sheridan 2007 (29) % 0.10 (-1.99, 2.19) 5.21
Subtotal (l-squared = 0.0%, p = 0.961) <:__'__.__.—'_‘—l- 0.13 (-1.65, 1.90) 7.65
" 1
Cashew 1
Schutte cashew 2006 (35) -9 -0.20 (-3.26, 2.86) 2.90
Subtotal (l-squared = .%, p=.) — : ——————— -0.20 (-3.26, 2.86) 2.90
: 1
Hazelnut |
Mercanligil 2007 (45) —_— -0.10(-1.30, 1.10) 9.72
Subtotal (I-squared =.%, p=.) e -0.10 (-1.30, 1.10) 9.72
. 1
Pecans !
Morgan 2000 (40) : 0.00 (-3.68, 3.68) 2.12
Subtotal (l-squared = .%, p=.) m— : ——— 0.00 (-3.68, 3.68) 2.12
. 1
Overall (l-squared = 48.7%, p = 0.015) - -0.40 (-0.97, 0.17) 100.00

1
NOTE: Weights are from random effects analysis L

-4 0 +

Nuts reduce body weight

Nuts increase body weight

FIGURE 3. Meta-analysis of the net change in BMI (in kg/m?) associated with nut-enriched diets expressed as the change during the intervention with
nut products minus the change during the control diet. The area of each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent
95% ClIs. Diamonds represent pooled estimates from inverse-variance-weighted random-effects models. ID, identification; WMD, weighted mean difference.

studies focused on intervention that imposed energy restriction
were compared with studies that focused on weight maintenance,
respectively (P = 0.05). The duration of intervention (P = 0.904),
study design (P = 0.801), trial quality (P = 0.987), or type of nuts
tested (P = 0.552) did not modify effects on BMI.

The funnel plot showed reasonable symmetry and a non-
significant Egger’s test for publication bias (P = 0.461), which
suggested no evidence of publication bias in clinical trials of
nut-enriched diets and BMI (see Figure S1 under “Supplemental
data” in the online issue). In the sensitivity analysis, the ex-
clusion of individual studies did not modify estimates.

Waist circumference

Data from 681 participants were analyzed in 5 clinical trials
(25, 34, 35, 37, 48). Compared with control diets, nut-enriched

diets had no significant effect on waist circumference (WMD:
-1.25 cm; 95% CI: -2.82, 0.31 cm; I* = 28%) (Figure 4). The
estimated effect of nut consumption on waist circumference
was greater for studies that imposed energy restriction than
for studies that focused on weight maintenance (—5.00
compared with —0.49; P = 0.031). The time of follow-up
(P = 0.282), quality of study (P = 0.372), or intervention diet
(P = 0.480) did not modified effects on waist circumference
(Table 2).

DISCUSSION

To our knowledge, the current study is the first meta-analysis to
summarized the evidence to date regarding effects of nut-
enriched diets compared with various control diets on changes
of body weight, BMI, or waist circumference. Overall, the
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Waist circumference (cm)

Study %
D WMD (95% Cl) Weight
'
Combination nuts : |
1
Razquin 2010 (34) _— -0.30 (-2.26, 1.66) 31.69
f
Casas-Agustench 2011 (37) —_— -1.10 (-3.56, 1.36) 24,67
Subtotal (l-squared = 0.0%, p=0.618) <:> -0.61 (-2.14, 0.92) 56.36
1
1
1
Almonds 1
1
Wien 2003 (25) +* 1 -5.00 (-8.21, -1.79) 17.22
1
Subtotal (I-squared = %, p=.) -{} : -5.00 (-8.21, -1.79) 17.22
1
1
1
Walnut |
1
Schutte walnut 2006 (35) — -0.10 (-8.38, 8.18) 3.38
1
Ma 2010 (48) —:—-0—— -0.30 (-3.24, 2.64) 19.54
Subtotal (l-squared = 0.0%, p = 0.964) <:> -0.28 (-3.05, 2.49) 22.92
1
1
1
Cashew 1
1
Schutte cashew 2006 (35) + + 1.10(-7.03, 9.23) 3.50
|
Subtotal (l-squared = %, p=.) 4 1.10 (-7.03, 9.23) 3.50
1
1
Overall (l-squared = 27.7%, p = 0.227) ¢b -1.25 (-2.82, 0.31) 100.00
1
NOTE: Weights are from random effects analysis :

Nuts reduce waist circumference

Nuts increase waist circumference

FIGURE 4. Meta-analysis of the net change (cm) in waist circumference associated with nut-enriched diets expressed as the change during the intervention with
nut products minus the change during the control diet. The area of each square is proportional to the inverse of the variance of the WMD. Horizontal lines represent
95% Cls. Diamonds represent pooled estimates from inverse-variance—weighted random-effects models. ID, identification; WMD), weighted mean difference.

summarized WMD for all of studies suggested that nut-enriched
diets do not increase adiposity measures.

A significant heterogeneity in studies existed, and subgroup
analyses and the metaregression identified the study focus (en-
ergy restriction compared with weight-loss maintenance) as
a potential source of heterogeneity. As expected with this type of
intervention, for energy-restriction studies, the weight loss was
more pronounced than for non—energy-restriction studies.

Comparison of current results with those of epidemiologic
studies

Our findings confirmed the results of epidemiologic studies
that suggested an inverse association between the frequency of
nut consumption and BMI and risk of obesity. Cross-sectional
studies showed either that nut consumption was associated with
lower BMI (16), or there was no relation between the frequency
of nut consumption and BMI (55). Two large, prospective cohort
studies (the Adventist Health Study and Nurse’s Health Study II)
showed significant inverse associations between the frequency
of nut consumption and BMI (56, 57), whereas no relation was
reported in the Physicians’ Health Study (58). Frequent nut
consumption was also associated with reduced risk of weight

gain in the Seguimiento University of Navarra cohort of young
university graduates (15).

Biological plausibility

Several biological mechanisms may explain the results of the
current meta-analysis regarding the effect of nut consumption on
adiposity. Nuts are very rich in unsaturated fatty acids, and evidence
has suggested that MUFAs and PUFAs are more readily oxidized
(59) and have a greater thermogenic effect (60) than do saturated
fatty acids, which can lead to less fat accumulation. Because of their
energy density and abundance of unsaturated fatty acids, fiber, and
protein, nuts are a highly satiating food, and thus, after the con-
sumption of nuts, hunger is suppressed and subsequent food intake is
curtailed (61). The physical structure of nuts may also contribute to
their satiety effect because they must be mechanically reduced to
particles small enough for swallowing. Mastication activates me-
chanical, nutrient, and sensory signaling systems that may modify
appetitive sensations (62). Furthermore, a small degree of fat mal-
absorption occurs after nut intake because fat is contained within
walled cellular structures that are incompletely digested in the gut
(63), which is an effect that can be compounded by incomplete
mastication (64). It has been shown recently that Atwater factors,
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when applied to almonds (65) or pistachios (66), resulted in an
overestimation of their measured energy contents.

Strengths and limitations

We aimed to avoid heterogeneity by including only random-
ized clinical trials with control diets. However, heterogeneity was
present for all outcomes, which was only partly explained in
subgroup analyses. Publication bias is another concern in meta-
analyses that only include studies that are actually published.
With tests and visual inspections, such as Egger’s methods used
in this review, we were able to exclude publication bias with
some confidence. Finally, we did not observe any change in
waist circumference in the 681 participants for whom such data
were available. Weight changes observed in this type of analyses
were probably too small to identify any such changes. Thus, it is
necessary to design high-quality clinical trials aimed to detect
the effect of nut-enriched diets on waist circumference.

One advantage of pooling data from clinical trials to in-
vestigate this important clinical issue was better generalizability,
because this analysis combined data from heterogeneous pop-
ulations. Another advantage was the high quality of studies in-
cluded in the analysis. The lengthy follow-up and comprehensive
surveillance in many of the clinical trials, as well as the large
number of participants, also provided sufficient power to detect
the chosen effect. Also, to our knowledge, no previous meta-
analysis of clinical trials has summarized the effects of nut
consumption on body weight, BMI, or waist circumference.

Clinical implications

Our meta-analysis of clinical trials showed that nut con-
sumption was associated with a nonsignificant decrease in body
weight of 0.47 kg, BMI of 0.40, and waist circumference of 1.25 cm.
Although the magnitude of these effects was modest, the results
allay the fear that nut consumption may promote obesity. This
message should not be lost to dietitians, caregivers in general, and
subjects at risk of cardiovascular disease who can then freely
consume nuts as cardioprotective foods.

In conclusion, this meta-analysis of clinical trials shows that
nut-rich diets compared with different control diets do not in-
crease body weight, BMI, or waist circumference. Our findings
support the inclusion of nuts in healthy diets for cardiovascular
prevention.
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